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ABSTRACT

Studies on substituted tricyclo[6.2.1.0^^"^lundecan-J-ones were
carried out in order to determine the suitability of these compounds as
terpenoid precursors.

In an effort to develop a new synthetic procedure

for phyllocladene, lO-bromo-6 ,9 -epoxy-6 -hydroxy-en^-tricyclo[6 .2 .1.0^^?]undecan-3-one (XVIIl) and the ethylene glycol mono-ketal of endo-tricyclo[6.2.1.0^^^]undec-9-en-3,6 -dione (XXI) were synthesized and studied.
Under Robinson's annélation conditions, lO-bromo-6 ,9 -epoxy-6 -hydroxy-endo;tr icyc lo [6 .2.1. 0^^
cyclo[6.2.1.0^^ ^,0^^

undecan-)-one (XVIIl) afforded 9“Syn;-hydroxytetraundecan-3,6 -dione (XIX) rather than the anticipated

epoxide, 6,9-epoxy-tricyclo[6.2.1.0^^?]undecan-3-one (XXIX).

The dione

(XIX) was benzoylated to yield a mono-ester, 9-syT^benzoyltetracyclo[6 .2.2.0^^ ^.0^ ^°]undecan-3,6 -dione (XX).

When (XX) was treated with

sodium borohydride, a dio 1-monobenzoate, 9 -syp-benzoyltetracyclo[6 .2 .1.0^^ ^.0^ ^°]undecan-3,6 -diol (XXIl), was obtained.

lO-Bromo-6 ,9“

epoxy-endo;-tricyclo[6 .2 .1 .2 ^ ^ undecan-3 -one yielded 6 ,9 -epoxy-tetracyclo[4.2.1.0^'^.0^ ^°]undecan-3-one (XVII) on treatment with potassium t-butoxide.
The reaction between methyl vinyl ketone and the ethylene glycol
mono-ketal of endo-tricyclo[6.2.1.0^^ ^]undec-9-en-3,6 -dione (XXI) was
studied.

Although several modifications of Robinson's annélation proce

dure were investigated, (XXI) could not be annelated.
The structural relationship between lO-bromo-6 ,9 -epoxy-6 -hydroxyendoj-tricyclo[6.2.1.0^^]undecan-3-one (XVIl) and 5 ~iodo-6 -hydroxybicyclo[2 .2 .l]heptane-2 -carboxylic acid lactone (ll) was established.
xiii
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Barbier-Wieland degradation of the lodolactone (II) yielded
endo-6-dlphenylhydroxymethyl-endo-2-blcyclo[2.2.1]heptanol (Xl),

Since

(XI) could not be successfully dehydrated, an alternate degradation route
was Investigated; this scheme Involved the synthesis of blcyclo[2.2ol]heptane dlones (I.e., 2 ,6 -blcyclo[2 .2 ,l]heptane-dlone and 2 , 5 -bicyclo[2 .2 .1 ]heptan-dlone).

Methyl blcyclo[2.2.l]hept-$-en-endo-2-carboxylate

(III) was reacted with phenyImagneslum bromide to produce endo-2-dlphenylhydroxymethylbIcyclo[2.2.1]hept-$-ene (IV).

Hydroboration of (IV) yielded

endo;-6 -dl pheny Ihydr oxymet hy l-)-b Icy c lo [2.2. l]heptan-^-one (VIII).

Dehy

dration of (viii) yielded 2 -diphenyImethyleneblcyclo[2 .2 .1 ]heptan-$-one
(IX).

Oxidation of (IX) failed to yield (XXVI) In Isolable quantities.

Benzophenone was Isolated from ozonolysls of (IX).

Both (IX) and (XI)

were converted Into (X) under Clemmenson*s conditions.
The compound, 5~bromo-8,8-dlphenyl-7-oxatrlcyclo[6.2,0.0‘*''®]nonane (V) was prepared.

A thorough NMR analysis of this compound Indi

cated that the flve-membered ether was present.

By relating this struc-

true to (XXIV)— which had formally been related to the lodolactone (II)—
the literature assignment of (ll) was supported.

Furthermore, preparation

of 8 ,8 -dlpheny1-7-oxatrIcyclo[2.2.2^^ .1]nonane (Vl) and 8 ,8-dlphenyl-7oxatrlcyclo[2.2.2^^®.l]nonane (VIl) and the relation of them to the lactone
structure (XXIV) supported the lodolactone (ll) structure.

The result of

these studies was that both the lodolactone (ll) and the bromoketone
(XVIIl) were shown to have the correct structural assignments.

XIV
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IN T R O D U C T IO N

Systematic study of the constitution of the essential oils^
(i.e., those materials isolated by simple or steam distillation of
flowers, fruits, seeds or other plant materials) began about I83 O.
Earlier work by J.J. Houton de la Billardiere (I8 I8 ) had established
the empirical formula for many of these materials as C 5 HQ.

J.B. Dumas began to study a group of stearoterpenes.

In I83 O,

In the l840's,

Berthelot's investigations of the hydrocarbons fraction of some of the
essential oils yielded information on reactivity and properties which
was useful to later workers.

By I866 , Fr. Kekule had applied the tern

"terpene" tc the essential oils.
About one hundred years ago the German chemist Otto Wallach
began work^'^ on the constitution of some of the essential oils which
he had available to him.

He worked out the structure of some of these

compounds by a series of very carefully designed experiments.

He quanti

tatively measured the amounts of halogen taken up and he made extensive
use of the aitrosyl chloride reagent introduced by Tilden'*.

These studies

gave him valuable information concerning the amount and location of
unsaturation in the compounds under investigation.

Through a series of

acid catalyzed interconversions, he was able to show that the monoterpenes
belonged to discrete families; determination of the molecular weights
of the pure compounds reinforced this hypothesis.

The weight unit which
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appeared to be recurring was sixty-eight (6 8 )--the isoprene grouping.
Most of the compounds which Wallach had at hand could be structurally
related to isoprene by dimerization, cyclization or other simple reactions.
Wallach received the Nobel Prize in I9 IO for his work on the
"alicyclic compounds".

By this time, he had studied the terpene hydro

carbons and their related oxygenated derivatives (viz, camphors) to such
an extent that he declared:
"...the veil has been removed from the mysterious
picture of the terpenes and camphors and there is
now nothing which impedes further rapid progress!"®
Rarely is an issue of a fundamental organic journal published which has
less than one article concerned with total or partial synthesis, structure
proof or some other direct reference to the terpene field.
has been (and continues to be) made in this field.

Rapid progess

Wallach’s words were

indeed prophetic.
The compounds with which Wallach worked were mostly in the monoand sesquiterpenes classes (see Table I).

The head-to-tail type dimeri-

zation of the isoprene monomer (see Figure 1) was believed by Wallach to
be the only possible linkage.
as is shown in Figure 1.

Other configurations are possible, however,

Only a few of the compounds available to Wallach
Figure 1

"Head-to-Tail"

"Tail-to-Tail"

Irregular
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Table I
Classes of Terpenes

Isopentenyl
lyrophosphate

Hemiterpenes

C5

Monoterpenes

Cio

of-Terpinene

Sesquiterpenes

C15

Santonin

OPOP

,L

CH,

CH

Diterpenes

Abietic Acid

Cgo
CH , 'C O jH

CH,

Triterpenes
(and Steroids)

Tetraterpenes

CH,

^

Cholesterol

28

C40

%

P-Carotene
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wore open chain; many were cyclized (see Figure 2).

Figure 2

6

cy-Terpinene

Pinene

Camphor

Thujone

The class of terpenoids containing Cgq (viz, the diterpenes)
was very seriously studied by Ruzicka^®, Simonsen^^, and many others
Specifically, Ruzicka in the I920*s extended a method of sulfur dehydro
genation which had been developed earlier by VesterbergS.

Through utili

zation of this method, Ruzicka and his students were able to classify a
large number of diterpenes by aromatizatlon.

The work which he performed

established that the diterpenes could be obtained from a tetramer of
isoprene.

He also observed that the

Cq q

terpenes could be classified by

the degradation products which they yielded.
The isoprene rule which is credited to Wallach was reinforced by
the work of Ruzicka^ and later workers.

Simply stated the isoprene rule

holds that the terpenoid carbon skeleton can be broken up into fragments of
isoprene.®

This rule along with the acetate hypothesis and shikimic acid

pathway, accounts for most of the intermediates required to synthesize the
secondary plant metabolites.
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The utility of this rule in aiding structure assignment of
natural products is directly apparent.

It enables the chemist to deter

mine whether or not a proposed structure is biogenetically reasonable.
One example of a compound which appeared not to fit the isoprene rule was
cholesterol (see Table I).

For quite some time, the genesis of this

compound was in doubt because the methyl groups appeared to occupy
unusual positions.

Through an intricate series of experiments?, the

methyl groups have been shown to position themselves yi^ a complex series
of rearrangements on the preformed carbocyclic structuie.

Another case

of the useful application of the isoprene rule was in the structure proof
of abietic acid.^°
The elucidation of the carbon skeleton of the diterpenes led to
a reinforcement of the pattern established by Wallach.

The more compli

cated di- and tri-terpenes also appeared to be formed from a biological
isoprenoid precursor.

The biosynthesis of the biological isoprene in this

early period was, however, largely conjecture.

Leeman^^, and later Favorsky

and L e b e d e v a s u g g e s t e d that the isoprene precursor ./as derived from the
amino acid, leucine, during protein degradation.
the terpenes were derived from carbohydrates.

Hall^® suggested that

Although in principle ooth

of these routes explain the occurrence of terpenes, the real explanation
proved to be neither of them.
Soon after radioactive isotopes became available, Rittenburg and
Bloch demonstrated that labeled acetate was incorporated into cholesterol.
Reasoning tiiat the same isoprenoid precursor was probably involved in
synthesis of terpenes and steroids, workers have shown incorporation into
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other compounds related to the terpenes as well.

Rittenburg and Bloch^s

opened the way toward the biosynthetic pathway shown in Figure

Figure 5
^■ ^S C oA

2 H ,C "

H,C

SCOA

^

C oA S H

^

fï

U o
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)' "Sjcr^s

HO

H .C V O P
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PH

ATP
PC PC

IP

I

POP

HC

OH

Monoterpenes

OPOP

Geranyl Pyrophosphate

I

Sesquiterpenes
Triterpenes
Steroids

/“
OPOP

Farnesyl Pyrophosphate

i
Dite rpenes
OPOP

Geranyl-geraniol Pyrophosphate
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The

formation of mevalonic acid from 0-methyl-0-hydroxyglutaryl CoA was
shown by Rodney^®.

The labelling of mevalonate^? by labelled acetate

added substantiation to the belief that mevalonate was the precursor
to the system.

By now many compounds thought to be poly-isoprenoid^®^“^®*^

have been shown to incorporate mevalonate.
In 1953 ^ Ruzicka^®^ suggested that the biogenesis of the diter
penes involved a tetramer of isoprene.

This suggestion was examined

carefully even though geranyl-geraniol had not been isolated.

As shown

by later workers, the noted possibilities of other ionic or radical
intermediates were discounted.

In extending the suggestion of Ruzicka,

Wenkert^® noted that the pimarane to abietane type transformation could
take place only if proper

stereochemistry of the side chain existed.

He also suggested that the phyllocladene and kaurene types would form
through a Meerwein-Wagner type rearrangement involving a non-classical
carbonium ion.

He reasoned that the fourth ring could only form if the

vinyl substituent _n the tricyclic pimarane was axially oriented (see
Figure 6).

Experimentally useful information suggests that these assess

ments are correct.

The work of Birch®® on the gibberellic acid series

suggests that the nortricyclyl non-classical carbonium ion is involved.
The genesis of the di- and tricyclic diterpenes®^ appears to
depend on the proper stereochemistry (see Figure 4) in the folding of the
tetramer precursor.

The folding of the precursor determines not only the

position but also the stereochemistry of the substituents.

In some cases,

bicyclic diterpenes are thought to be intermediate products.
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Oxidation,

8

reduction and other alterations of the structure appear to occur after
initial cyclization.

Rearrangements which serve to produce the most
Figure 4

OPOP

OPOP

CHj

CHjI CH)

OH

CH.

'"O H

Manool

Sclarol

CH.

CHj

CH.
CH.!

Abietane Type

Pimaradiene Type
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stable configurations are commonplace.

In some cases these arrangements

are so facile that the compound actually isolated may be an artifact.
The most widely distributed of the diterpenes .ire the tetracyclic
types22 possessing the kaurene-phyHocladene skeleton (mostly of the
kaurene type).

Only two cases (namely, phyllocladene and phyllocladenol)

are known which contain the trans-anti-trans type fusion (see Figure 5)»

Figure 5

Kaurene Series
OPOP

A

OPOP

CH,

Phylie cladene Series

The path of genesis of the tetracyclic diterpenes could pass through the
pimaradiene type intermediate.

Protonation of the pimaradiene endocyclic

double bond followed by involvement of the exocyclic double bond results
in the non-classical carbonium ion (see Figure 6 ).

This ion was believed

by Wenkert^*® to be involved in the path toward many of the diterpenes with
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Figure 6

Wenkart's Intermediate

/

Phyllocladene

\
CHj

Kaurene

the bicyclo[5.2.1] and [2.2.2]octane C/D systems.

Further studies ha'/e

shown evidence for the validity of the proposed pathway.
In order to study the proposed pimarane route, Robinson and West^s
recently undertook an investigation of the enzyme systems involved.

These

workers failed to detect (-)pimaradiene as a constituent in the terpene
fraction.

Other

workers

24 a, 24 b attempting to involve pimaradiene also

failed to provide convincing evidence for its obligate intermediacy in
this pathway.

Robinson and West also showed that— at least in castor

bean extract--no interconversion of kaurene, trachylobene, beyerene,
sandaracopimaradiene or casbene occurred (see Figure 7)*
rule out rearrangement of the skeleton after formation.

This tends to
Partial
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Figure 7

(+)Sandaracopimaradiene

(-j-)Beyer ene

ex

(- )Tr ac hy lob ane

(-)Kaurene

resolution of the enzymatic activity responsible for formation of several
of these hydrocarbons was accomplished.

No resolution, however, was

achieved for the stepwise formation of kaurene.
The perhydrophenanthrene carbon skeleton (see Figure 8 ) of the
tricyclic diterpenoid resin acids has been the subject of a variety o 6

Figure 8

A Substituted Perhydrophenanthrene

repeated studies.^

The total synthesis of many of these compounds has

R e p ro d u c e d w ith p erm is sio n o f th e co p yrig h t o w n e r. F u rth e r re p ro d u ctio n p ro hib ited w ith o u t p erm is sio n .

12

been the final key to structure proof.

In this respect, total synthesis

offers unequivocal proof of configuration of the chiral positions.

If

this were the only reason for synthesis of these compounds, only one route
would be necessary.

In point of fact, a very important reason for

synthesis of these compounds is to refine the synthesis so that it becomes
more useful.

This has provided a tremendous intellectual challenge to

organic chemists.
The directions which the synthesis might conceivably take are as
follows:
1.

The A/B ring system might be elaborated to yield the
desired A/b /C system;

2.

The B/C nucleus properly substituted and annulated to
the A/B/C system; or

3.

The A/C structure subjected to a ring closure to give
the A/B/C product.

Conceptually these three methods are differentiable since each entails
the introduction of the proper stereochemistry in a diverse manner.
Indeed, it is the stereochemistry of these compounds which provides
the greatest challenge.

It is noted in the structure shown (see Figure 8 )

that in many of these diterpenes there is a cis arrangiement in the C4, and
Cio methyl groups.
fusion.

Also of note is the trans- ring juncture of the B/A

Ring C bears various substituents and is often aromatic.
Intensive study in this area has been directed toward synthesis

of dehydroabietic acid and some structurally related compounds (e.g.,
dehydrodeisopropyl abietic acid) (see Figure 9 )»

One notes the stereo

chemistry of the A/B system and the fact that ring C is aromatic.
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Figure 9

Co, H

CO,H

Dehydroabietic Acid

Deisopropyldehydroabietic
Acid

Theoretically, if a good route could be found to this system elaboration
to more complex systems could be easily accomplished.
In devising a route into this system, Stork^® showed that the carbon
skeleton could be assembled by the B/C — ■■■>
parts of hij synthesis are shown in Figure 10.

A/B/C approach.

This was the first case on

Figure 10

CH,

CH, CO,H

The pertinent

CH, C O ,C ,H ,
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Ik
record of the total synthesis of the tricyclic diterpenoid resin acid
skeleton.

This monumental work opened the way for further synthesis in

the area.
Ireland’s®”^ synthesis of dehydroabietic acid represents a very
clever union of the preconstructed

A/C

system.

The synthesis as outlined

(see Figure 11) is a very elegant effort in the area.

Figure 11

CH,

C O ,H

I

CH

;o,H

The third alternative (i.e., the A/B ---->
also been used in this series.

A/B/C approach) has

Notably, Spencer et al.^s synthesized the

deisopropyldehydroabietic acid system in the manner presented in Figure 12.
These three syntheses represent the theoretical approaches to the
pcrhydrophenanthrene type diterpenes.

Other variations^^"^^ of these

have been used but those three are representative and of greatest importance.
The proper stereochemistry was achieved in each case by taking advantage
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Figure 12

CH,

CH,

1 COjCH,

CH,

CO,CH,

C H , C O ,C H ,
CH ,

C O ,C H ,

C H , COjCH

of directive properties or rigid conformation of the compound and its
substituents.
The next step of extending these methods into the tetracyclic
diterpenes is complicated by the presence of the stereospecific bicyclic
C/D rings in this series.

The C/D ring structure having the bicyclo(3.2.l)octane skeleton
occurs in a wide variety of diterpenes and diterpenoid alkaloids.

This

structure is not difficult to synthesize; the A/B/C/D ring system to
the tetracyclic diterpenes with its various stereochemical modifi
cations is^ however; very difficult.

In theory, at least, one might

build the compounds by several routes (i.e., A/B/C — ■■•»
A/C/D ---- >

A/C/D/B; or A/C ---- >

A/C/B

>

A/B/C/D;

A/C/ b /D) as natural

extensions of the tricyclic case.
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Two of these synthetic approaches have recently been used for
the synthesis of the phyllocladene carbon skeleton.
the A/B/C — — >

Turner^®, utilizing

A/B/C/D type approach proceeded as shown in Figure 1).

Figure I3

CH,

C 0,CH,
CO.H

CH,
tO , C H ,

CO,CH,

One notes that the angular methyl group at C-10 influences
the stereochemistry of the incoming alkyl group (between the fourth and
fifth structures above).

This is a very critical point as it caused

trouble in both of the reported syntheses.

Interference by the C-10

methyl group prevents the formation of the desired trans-anti-trans
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ring system.

Turner had at hand a degradation product of phyllocladene

which he used for comparison at this point of the synthesis.

By exami

nation of the degradation product and comparison with the alkylation
product, he was led to believe that the proposed structure of phyllo
cladene was incorrect.

He felt that the proposed structure did not

properly describe the relation of the C-10 angular methyl and the C/D
ring junction.

He then proceeded (see Figure I5 ) to make the methyl ester

derivative of the triacid which he had obtained by the cleavage of the
originally introduced ring C.

On reclosure of the ring he obtained only

the six-membered ring of correct stereochemistry.
again intact, he proceeded to phyllocladene.

With the ring once

The synthesis unequivocally

proved the structure of phyllocladene but the introduction of the incorrect
stereochemistry via alkylation of the fur fur i1lidene ketone would be a
serious drawback for the synthetic utility of the approach.

Ideally one

would like to find an approach which would be more direct.
The other somewhat shorter synthesis in the area was completed by
Ireland^\

His procedure involved the B/C/A

>

B/C/A/D approach and

proceeded, in general, as shown in Figure l4.

Figure l4

CH,

I

CO,CM,

CH,

o,cir,----
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Once again one notices the appearance of a derivative of the
triacid encountered by Turner which was again a result of incorrect
stereochemistry of the alkylation step.

The angular methyl group in

both of these cases has dictated incorrect stereochemistry for this
alkylation.

Cleavage of the C ring and reclosure to obtain the proper

stereochemistry has provided the solution in each case.
The biogenesis of these diterpenes is fairly well understood.
Indeed; the preliminary steps (i.e., from acetate through polymerization
of the isoprene units) have been firmly established.

Further work is

needed in the area of actually isolating the enzyme systems involved but
it is not anticipated that gross alteration will be forthcoming in the
salient features of the pathway.
Synthesis of the tetracyclic diterpenes is still in its infancy.
It is expected that the myriad of new reagents will soon be brought to
bear on these compounds resulting in distinctive improvements.

The

synthesis thus far published suffer mostly from lack of stereospecificity
and undesirable length.

It is hoped that these obstacles can be overcome.
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II.

EXPERIMENTAL

The chemicals used In all the experiments described
herein were of reagent grade and, unless otherwise indicated, no further
purification was considered necessary.
A Fisher-Johns Melting Point Apparatus was used for all melting
points which are reported uncorrected.
The infra-red spectra were run on a Perkin-Elmer Model IR-137
Double Beam Spectrophotometer.

The 60 MHz NMR spectra were run on a

Varian Model a 60A NMR Spectrophotometer; the 100 MHz NMR spectra were run
on a Varian Model HA-100 NMR Spectrophotometer.

The mass spectrograms were

run on a Varian M-66 Double Focussing Mass Spectrometer by Mrs. Cheryl White,
Scientific Research Specialist, Department of Chemistry, Louisiana State
University, Baton Rouge.

All IR absorptions are reported in microns (p,);

all NMR absorptions are reported as parts per million (ppm) using TMS as
zero ppm.

Some of the 100 me spectral work was performed by Mr, W.F. Wegner,

Associate, Department of Chenu.stry, Louisiana State University, Baton Rouge.
All carbon-hydrogen-nitrogen analyses were performed by Mr, Ralph
Seab, Scientific Research Specialist, Department of Chemistry, Louisiana
State University, Baton Rouge.

All samples were dried under oil pump vacuum

for twelve to eighteen (12-18) hours prior to their submission to Mr. Seab.
Samples of compounds used in this work which had been previously
synthesized by Dr. L. Green (Ph.D., Louisiana State University, I9 6 9 ) were
supplied to the author by her.

Identification of those materials during

the course of this work was made by comparison of NMR and IR spectra with
19
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Dr. Green's samples.

These identifications and comparisons are noted in

this section,
A compilation of all the compounds discussed herein has been
provided (see Figure I5 ) to assist the reader with proper clarification
of these compounds.

A,

Preparation of endp- and e^-Bicyclo[2,2, l]hept-5-ene-2-carboxylic

Aci'ds'lljag------------------------------------------------------A solution of acrylic acid

mJL,

)1 g, O .5 moles)

in 150 mj6 of anhydrous ethyl ether was placed in a ^-necked

/\
^co

h

round bottom flask fitted with a dropping funnel and condenser and
cooled to 5**C,

To this stirred solution was added, dropwise, freshly

distilled cyclopentadiene (4l mf, 53 g, 0,$ moles).
during the addition.

Cooling was continued

The reaction was then allowed to warm to room

temperature and then stirred for approximately two and one-half hours.
Enough

saturated NagCOg was then added to the solution to bring the pH

to 8,0,

The reaction mixture was then extracted three times with ether

and the ethereal washes were discarded.
acidified with 5 percent HCi solution.
decanted.

The basic water solution was
An oily layer separated and was

The ether extracts of this aqueous layer were combined with

the oily material, dried over CaCJ0g, and evaporated at reduced pressure.
The crude slightly discolored oil was placed in a vacuum dis
tillation apparatus and distilled at reduced pressure.
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Figure I5
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HO
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HO
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Figure I5 (continued)
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B.

Preparation of 5-lodo-6-hvdroxv-blcyclo[2.2.l]heptane-g-carboxylic
Acid Lactone
A mixture of endo- and exo-bicyclo[2.2»l]hept-$-ene-

’•

2-carboxylic acids (l) (25 g, 0.l8 moles) was dissolved in water o_
0
(20 m£) using KOH (50 percent) solution.

The solution process was

done carefully so as not to heat the mixture (cooling is necessary).

The

resulting solution was placed in an erlenmeyer flask and chloroform (5O mX)
added.

To this heterogenous mixture was added a solution of iodine (46 g,

0 ,1 8 moles) and potassium iodide (50 g, O .5 6 moles) dissolved in the

minimum amount of water.

The iodine solution may be added as rapidly as

the color is dispelled.

At the end of the addition; the reaction was

stirred for about one-half hour, allowed to settle in a separatory funnel
and the chloroform layer separated.
times with chloroform.

The aqueous layer was extracted three

These chloroform extracts were combined, dried

over CaC^g and the chloroform evaporated at reduced pressure.
crystallized on standing.

The oil

The compound appeared to be identical, with

respect to NMR and IR spectrum, to iodolactone (II) reported by VerNooy
and Rondestvedt^®.

C.

Preparation of ende-Bicyclo[2.2.l]hept-5-ene-2-carboxylic Acid (XXIIl)
The iodolactone (ll) (l40 g, 0.55 moles) in $20 ml- glacial

acetic acid was cooled to 15 °C while being stirred with a mechanical
stirrer.

cq^h

Zinc dust (65 g, 1 mole) was added very slowly to ensure that the

temperature did not rise above 15**C.

After the addition was complete, the

reaction mixture was stirred an additional three hours at 15 **C and at room
temperature an additional two hours.
washed with acetic acid and water.

The zinc was removed by filtration and
The combined filtrate and washings were
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diluted with water (100

and extracted three times with ether.

The

combined ether extracts were washed four times with water, dried over
NagSO^ and the ether removed at reduced pressure.

The residue was vacuum

distilled and the fraction, boiling at 11$°C at 5 mm, was collected.

The

oily material which resulted was shown by NMR and IR spectra to be identi
cal to the dione (XXXIIl) reported by Berson and Ben-Efraim^^.

D.

Preparation of Methyl Bicyclo[2.2. l]hept-^-ene-gjo4ft~2-carboxylate (ill)
Pure en^-bicyclo[2.2.1]hept-^-ene-carboxylie acid (15.5

0.11 moles) was dissolved in benzene (200 m^) and pyridine (10 m^)
was added.

co,c Hj

The solution was placed in a three-necked round bottom flask

fitted with condenser (CaC^g drying tube), and dropping funnel.

To the

stirred solution was added thionyl chloride (8.8 m-^, 0,12 moles) and the
resulting solution stirred for one and one-half hours.

The reaction mixture

was filtered and a partial vacuum applied to remove any excess thionyl
chloride.
before.

The benzene solution was returned to a dry flask arranged as
Pyridine (10 m^) was added; then methanol was added dropwise for

a period of over an hour.
two hours and filtered.

The reaction was then stirred for an additional
The filter cake was washed with benzene and the

combined benzene layers extracted three times with cold dilute HCX (to
remove the excess pyridine).

The benzene was then washed with water until

neutral, dried over NagSO^. overnight, and then evaporated to yield a clear
oil which was not further purified.

Comparison of the NMR of this material

with that obtained by L. Green®^ showed the two to be identical.
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E,

Preparation of e;(yJg,-2-Dlphenylhydroxymethyl-blcyclo[2.2.l]hept-5-enc

Magnesium metal (5 .5 S, 0.2) moles) was used to generate
the Grignard reagent from broraobenzene (2) m.&, )8 g, 0.24 moles)
in the standard fashion using ether solvent (200 m-^).

After all of the

bromobenzene had been added, the solution was stirred for one hour. The ester
(III) (14.2 g, 0 .0 9 5 moles) was then added in a fashion such that spontaneous
gentle reflux occurred.
ester(ill) was added.
(20 m£) added.

Reflux was continued for two hours after all of the
The reaction was cooled to room temperature and water

Dilute HCX (10 ml of 5 percent) was then added so as to

dissolve the magnesium salts.
with ether.

The reaction mixture was extracted four times

These ether extracts were washed with water, dried over CaClg,

and the ether removed under reduced pressure.
yellow oil which solidified on standing.
(with difficulty) from chloroform.

There remained a crude

The solid was recrystallized

Prominent in the 60 MHz NMR spectra

are the 2-H multiplet at 6.20 ppm, the 1-H eight line pattern centered at
3 .3 6 ppm, and another eight line pattern at approximately 1.88 ppm.

assignments were made.

The mass spectrum of this compound shows a parent

peak at 276 amu.
Yield;

I5 .6 g, 60 .5 percent of crystals; m.p., 127-128*.
2 .80 p., 13 .00 p., 1 3 .25 p., 13 .30 p., 14.00p., l4 .30 pt.

Analysis:
Gao^acO-— Calculated:
Found:
Spectra:

No

C, 8 7 .0; H, 7»25»

C, 8 7 .63 ; H, 7.^3»

NMR-1; IR-1.
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F.

Preparation of et^p-6~DlphenyIhydroxymethy1-bIcyclo[2.2.1]heptan-5one (VlII)^^^'^
To a stirred solution of the carblnol, endo-2-dlphenyl-

9\ /

hydroxymethyl-blcyclo[2.2.l3-hept-5-ene (IV), (10 g, 0.0)62 moles)
In dry, freshly-distilled tetrahydrofuran (100 mA) was added borane
solution (0,04 moles, 40 mJ& of a standard IM solution In tetrahydrofuran).
The entire reaction was carried out at 10*C under nitrogen In a three
necked flask fitted with a condenser, thermometer, acetone trap and
pressure-equalized dropping funnel.

The reaction was vigorous but

apparently not very exothermic; however, addition was carried out slowly.
Upon the addition of the borane solution, the reaction mixture
was allowed to stir for three hours.

After this three hour period, )0

of 15 percent sodium hydroxide solution was added.
(2 2

ml

of 30 percent) was then added dropwise.

ml

Hydrogen peroxide

Again vigorous reaction

was observed but the reaction showed no noticeable exothermlclty.

The

reaction mixture was stirred an additional two and one-half hours and
poured Into Ice water.

The Ice water was extracted four times with ether.

The ethereal solutions were combined, dried over Na^SO^, and the solvent
was

removed under reduced pressure.

was

only slightly soluble In any solvent.

green color.

The crude dlol (X) was an oil which
The material had a pale yellow-

All attempts to form a solid failed.

No further attempt to

characterize the material was made.
°

2*751^^
I2.6|i, 13.31J.,

f

5*lp"f

6.7M'^

lh,2 ^[io

The crude dlol (X)— obtained above— was dissolved In acetone
(100 m£) and cooled to 10**C.

Water (5O m£) containing CrOg (4 g, 0.04 moles)
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and sulfuric acid (3

cone.) was added dropwise over a I5 min. period

and the reaction mixture was then stirred for an additional six hours.
It was noted that white floculent solid formed in the reaction vessel soon
after the addition step had begun.

The reaction was poured into ice water

(500 ml') and the solid material (7*6 g) was filtered off.

Extraction with

chloroform and ether of the aqueous solution yielded 2.6 g of the same
solid.

The pale yellow solid was difficult to recrystallize.

Attempts

to record the NMR of the compound were frustrated by the extreme insolu
bility of the compound.
finally yielded NMR-2.

A very dilute sample of the compound in CDC^^
This was accomplished by using the time averaging

feature of the 100 MHz instrument.
or other work on this compound.

It was not possible to do decoupling

The mass spectrum of the compound showed

a parent peak at 292 amu and a smaller peak at 274 amu (292 - 18).

Yield;

10.2 g, 87 percent of crystals (on two steps)* m.p., 223-225“»
2 .95 M“
^ 5 *80|i, 13 .31^^ l4.ip,, l4.4pi.

Analysis:

C2 oHiaO^‘~^alculated:
Found:
Spectra:

G.

C, 8 I.9 ; H, 6 .8 5

C, 8 1 .56 ; 7*

NMR-2; IR- 7

2-PiphenyImethylenebicyclo[2.2.l]heptan-5-one (IX)^^
1.

Preparation

o
^ 0

The keto-alcohol, e n ^ - 6 -diphenyIhydroxymethyl-bicyclo[2.2.l]heptan-5 -one (VIIl), (0 .3 g; 0 .0 0 1 0 3 moles) in acetic acid (25 mX) was
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heated to boiling and a crystal of iodine was added.
was carefully evaporated.

The acetic acid

The oily residue was triturated with petro

leum ether until a white solid was obtained.

The solid was recrystal

lized from petroleum ether.
The NMR was recorded.

It showed a sharp aromatic singlet at Y.2 ppm

(10-H), a broad 1-H singlet at 3*30 Ppm, and another broad singlet at
1 .9 0 ppm; these three peaks are in addition to other peaks (3 -H) shown

between 1.8 and 3 ,3 ppm.
The mass spectra showed a parent peak at

Yield;

2jk

amu.

0.28 g (9 8 percent) of crystals; m.p., 119-122°.
5 .7OP', 12 .90 m,, 1 3 .0 0 m., 13 .23 M., 14.20M..

Analysis:
C2oHi8^^'~~Calculated:
Found:
Spectra:

C, 8 7 .3 ; H, 6.6

C, 8 7 .60; 6.43.

NMR-4; IR-10.

As an alternative to the above procedure, the diol(X) (0«5 g,
0 .0 0 1 7 moles) in acetic acid was heated to boiling and a crystal of iodine

was added.

Slow evaporation of the acetic acid yielded a black oil.

oil was taken up in acetone (10 m,&)and a solution of CrOg (0.25 8,
moles), H2 SO4 (1 mX cone.) in water (5 mX) was added.
stirred for six hours.

The
0.0025

The solution was

At the end of the reaction time, the acetone was

evaporated under vacuum and the water decanted.
standing was washed several times with water.

The solid which formed on
Trituration with petroleum

ether and filtration yielded O .5 g (virtually quantitative) of a solid which
was shown to be identical to the above ketone (IX) by comparison of spectral
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data and mixed melting point.

2.

Oxidation
a.

With Potassium Permanganate
The unsaturated ketone, 2-diphenylmethylene-bicyclo[2.2.1]-

heptan-5“One (IX), (1.5 g, 0.005^ moles) was dissolved in dioxane:water
(35 percent dioxane),

A solution of potassium permanganate (0.2 g,

0 .0 0 1 3 moles), potassium periodate (7*5 g; O.O3 I moles), and potassium

carbonate (10 g, O.O73 moles) in dioxane:water (35 percent dioxane) was
added.

This mixture was stirred for twenty-four hours with little change

in color or consistency.

The reaction mixture was extracted three times

with ether, the ether dried over CaC-Cg and then removed at reduced pressure.
The oil which was obtained solidified on standing.

The solid was, in all

respects, identical to the starting material (IX).
Yield:
b.

1 .3 g of crystals.

With Ozone
The unsaturated ketone (IX) (1 g, 0.0037 moles) was dissolved

in methanol (5O mX) and cooled to •r70°C.

Ozone in oxygen was bubbled

slowly through the solution until the solution retained the characteristic
blue color.
To the cold solution was added potassium iodide (2 g, 0.012
moles) and acetic acid (10 mX).

The solution turned brown immediately.

This brown solution was warmed slowly to room temperature and sodium thiosulfate was added, portion-wise, until the brown color was dispelled.
slightly yellow solution was extracted several times with ether.
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The

50

combined ethereal solutions were washed twice with water, dried over
NagSO^, and the ether evaporated at reduced pressure to yield an oil
(Oo9 g)«

This oil was chromatographed on alumina (100 g) by eluting with

pure petroleum ether, followed by 10 percent ethyl ether, and then 20
percent ethyl ether.

An oil was obtained at this point which was rechro

matographed on alumina.

Further elution of the first column did not

result in any further materials.

The second chromatograph of the oil

obtained in the first column could not be resolved on rechromatography.
The oil was subjected to vacuum sublimation at room temperature for twentyfour hours.

Benzophenone was isolated as evidenced by comparison with an

authentic sample.

The remaining oil could not be identified as the antici

pated dione (XXVl).

H.

Preparation of 2-DipheyImethylenebicyclo[2.2.1]heptane

^

To a sample of the keto-alcohol, endo-6-diphenylhydroxymethylbicyclo[2.2.l]heptan-5“One (VIIl), (1 g, 0.0054 moles) in ethanol was

“

added several lumps of Zn-Hg amalgam and the reaction mixture was brought
to reflux.

Concentrated hydrochloric acid (2 mj0) was added and the

reaction mixture was refluxed for two days with occassional replenishment
of the HC£.

The reaction mixture was poured into water and extracted

four times with ether (5 O m£ each).

The ethereal solution was washed,

dried over CaCX^ and the ether evaporated yielding a white solid.
The NMR spectrum (not shown) showed only a sharp aromatic singlet
(10-H) and a complex of non-aryl protons from I- 5 ppm (lO-H),
spectra of the compound showed a parent peak at 260 amu.
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Yield;

0,8 g (9 I percent of crystals; m.p,; 65 -6 7 °.
6.25m., 12.95m., 13.10m., 13.30m., 14.25M..

Analysis:

O20 H 20

Calculated:
Found:

Spectra:

I,

C, 92.3^ H, 7*70.

C, 9O.99 ; H, 7 .9 8 .

IR- 9

Preparation of endo-6 -DiphenyIhydroxymethyl-2-bicyclo[2,2,1]heptanone
x H jH
The diol; 2-diphenylhydroxymethyl-6-hydroxy-bicyclo-

[2 .2 .l]heptane (XXV)_, (I.5 8 g, O.OO6 moles) in 1(0 m -6 of acetone
was cooled to 0°C and a solution of CrOg (1.4

g,

0.014 moles) and sulfuric

acid (0 . 9 m^; 1.4 g, 0.014 moles) in 50 mX of water was added dropwise
while the temperature was held between 0-10**G.

After the addition was

complete, the reaction mixture was allowed to warm slowly to room temper
ature and then to stir for three hours.
times with chloroform.

The solution was extracted three

The confined chloroform extracts were washed with

water, dried over NagSO^, and the solvent removed under reduced pressure.
The oil thus obtained yielded a solid which was shown, on the basis of
spectral data, to be identical to the material isolated by L Green^®.

On

the basis of the work reported herein the structure is assigned as XI.
■àmay*
Spectra:

5.75M..
NMR-5; IR-8.

When the same reaction conditions as those specified in Section
H of this manuscript were imposed on keto-alcochol (XI) (0 . 7 g, 0.0024
moles), 0.4 g (6 3 percent) of an oil was obtained.

Upon trituration (with
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petroleum ether) this oil solidified to give the hydrocarbon (X) obtained
from the keto-alcohol (VIII).

Identity was established by mixed melting

and duplicity of mass spectra fragmentation patterns.

Jo

Preparation of gg)^Q;-6-Dipheny Ihydr oxymethyl-^;i^-2-b icyc lo [2.2.1]Feptahbr ’Ç m p s -------------------------------------------------PhenyImagnesium bromide was prepared in a dry, nitrogen

atmosphere by the slow addition of bromobenzene (53«5

$0.0 g,

^

0 ,3 1 9 moles) in 200 m£ of ether to magnesium turnings (7»75 8; 3 *1 9 moles)

in 30 mX of ether.
periodically.

After the reaction had started, ether was added

After the reaction had subsided, the lactone (XXIV, 20.0 g,

0 .1 4 3 moles) in ether solution was added dropwise.

When the addition was

complete, the system was refluxed for two hours and allowed to stand at
room temperature under nitrogen for thirty-six hours.
removed, a white solid remained.

When the ether was

This solid was stirred in glacial acetic

acid-water solution for two hours at room temperature and then the solution
was diluted with water.

The solution was extracted four times with ether.

The combined ether extracts were washed with 10 percent sodium carbonate
solution until the wash water was basic, then three times with water.

The

ether layer was dried over NagSO^, and the ether removed under reduced
pressure.

A solid was obtained which was identical, in spectral character

istics, to the diol (l XXVII) obtained by L. Green^® under similar conditions.

Spectra;

IR-6.
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K.

Preparation of 2,6-Bicyclo[2.2.ijheptanecarbolactone (XXIV)^^
Sulfuric acid (5O

tr£>,

55 percent) was cooled to 0**C

and a mixture of the endo and exo isomers of bicyclo[2 o2 ol]heptane carboxylic acids (10 g, 0.073 moles) was added.

The

reaction mixture was stirred cold for three hours and then diluted with
50 mj0 of water.

This solution was extracted with ether four times.

The

combined ether extracts were washed three times with ten percent aqueous
sodium carbonate solution and once with water.

The ether solution was

dried over NagSO^ and the ether was removed under reduced pressure,

A

solid was obtained which was shown to be identical in spectral charac
teristics to the compound (i.e., 2 ,6 -bicyclo[2 .2 .l]heptanecarbolactone)
prepared by Alder and Stein^.
Yield;

L,

8 .3 g (83 percent) of crystals; m.p., 152-153°C.

Preparation of 5-Bromo-8,8-diphenyl-7-oxatricyclo[6,1.0,0^^®]nonane

Br.

To a solution of the alcohol,

endo-2-diphenylhydroxymethyl-

bicyclo[2,2,l]hept-5-ene (IV), (l g, 0,00362 moles) in chloroform
(50 m£) was added pyridine (1 m£).

The reaction mixture was cooled to

zero degrees and bromine (0,2 mX, 0,0036 moles) was added.
immediately discharged,

/\,
y ™

The color was

A slight excess of bromine (0,02 m£) was added

and the reaction mixture was stirred for one-half hour at zero degrees.
Upon completion of stirring, the reaction mixture was poured into water
and extracted twice with cold 5 percent HCX,

The chloroform layer was
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washed with HgO^ dried over CaCXg^ and the solvent evaporated.

The oil

which was obtained solidified on standing; the solid was recrystallized
from petroleum ether.

Decoupling experiments (100 MHz) were performed

on this compound in the standard fashion.

The assignments resulting from

these experiments are presented in Table 11.

The NMR spectra is shown

along with the results of the decoupling experiments.

Irradiation (at

ppm) was performed as follows:

Offset Number

Irradiation At

1

4.74

2

3.11

3

1.15

4

2.65

5

1.65

6

1.21

7

1.72

The mass spectra of the compound revealed a parent peak at 55^ amu and
356 amu in line with the isotopic distribution of bromine.

Yield:
4nax*

0.6 g (46 percent) of crystals; m.p.,

97-9^°•

9-75^' 13 -OOijl, 13.23p., 13.4$Pv l4.20p,.

Analysis:
CaoHisOBr

Calculated:
Found:

Spectra:

C, 6 7 .3 O; H, 5*35«

G, 6 7 .63 ; H, 3 .6 3 .

NMR-7 , NMR-8a, NMR-8b; lR-4.
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Table II

NMR Parameters of 5~Bromo-8,8-diphenyl-7-oxatricyclo[6. l.Q.Q*^^ ^jnonane (V)

syn

,

a n ti

Assignments

1

2.69

2ex

^en

^ex

4

3.11

1.25

1.88

2.35

^ex

$en

6ex

Ja

Jh

3.79

4.73

2.12

1.65

Coupling Constants
(cps)

Geminal

Vicinal

■'jex-jen

■^l-2ex

"7a-7b

'^2ex-3ex
2ex-3en
'^3ex-4
‘^4-5en
^6ex.-1

'^7a-l
'^7a-4
■^Tb-l
‘^7b-4

Long Range
3
10.8

2.5
4.8
1.0

5.7
1.0

'^4_6ex

0-5

:i_3x
T
7b-5en

P

'^7a-3en
^2ex-6ex

^° ^

'^2ex_4

^'5

^1-4

0.5
1.5
1.0
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M.

Preparation of 8,8-Dlphenyl-7-oxatrtcyclo[2.2.2^^

l]nonane (Vl)*^^

Irradiation of a mixture of the alcohol, ^-brorno8,8-diphenyl-7“Oxatricyclo[6.1.0.0^^®]nonane (V), (l g,
0 .0 0 3 6 2 moles) and acetophenone (1 g) in 35^

of benzene was

conducted using a Hanovia 350 watt mercury lamp and a quartz immersion
well photochemical reactor with no filters.
ducted for six hours under nitrogen.

The irradiation was con

At the end of the reaction period,

the benzene was evaporated and methanol (2 m^) was added.
immediately.

Crystals formed

Recrystallization of the crystals yielded a solid.

The NMR

showed a characteristic triplet of doublets centered at 4.40 ppm which was
similar to the 2-exq proton in the series of compounds reported by Kropp
and Krauss*^^.

The integral of the spectra fit the expected ratio of

aromatic to aliphatic protons exactly as is shown in the spectra.

The

mass spectra of the compound showed a parent peak at 276 amu.
Yield:

O .9 5 g (95 percent) of crystals; m.p., 120-121°.
6 . 25 q ,

9 .IO

H ,

9 . 80 p ,,

1 0 .0 0 m -,

10 . 55 | i ,

12 . 95 ^ ,

13 . I O M - ,

13 .3 0 m-, 14.2 3 M"

Analysis:
CaoHgoO

Calculated:
Found:

Spectra:

N.

C, 8 6 .8 ; H, 7»2 5 .

c, 86.49; H, 7*25»

NMR-6 ; IR-2.

Preparation of 8 ,8-Diphenyl-7-oxatricyclo[2.2.2^^l]nonane (VII)
The alcohol, en^-2-diphenylhydroxymethyl-bicyclo-

[2 .2 .l]hept-5 -ene (IV), (O.5 g, O.OOI8 moles) in acetic acid
(2 0 m-6) was heated to boiling and a crystal of iodine was added.
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The acetic acid was slowly evaporated leaving a black tar-like oil.
This material was filtered through alumina and washed with methanol
yielding a solid.

The material was recrystallized from petroleum ether.

The NMR showed no vinyl protons and no hydroxylic protons.
of the aromatic region was equal to the upfield integral.

The integral
Prominent in

the aliphatic regions was a rather rough looking triplet at 4.$8 ppm.
Other notable regions include the eight line pattern at 3*09 amu and a
broad singlet at 2.10 amu.
Yield:

0 .3 0 g (60 percent) of crystals; m.p., 127-129°*

6 . 75m,, 9 . 40m ., 13. 00m., 13*

i 4 . 20m ., i 4 . 40m..

Analysis:
OgoHgoO—

Calculated:
Found:

Spectra:

0.

C, 86.8 O; H, 7*25*

0, 86.62; H, 7*^2.

NMR-5 ; IR-3 .

Preparation of endo-Tricyclo[6.2.1.0^^ ^]undeca-4,9-dien-3,6-dione
(XII) 4 2 “ 4 4
Technical grade dicyclopentadiene was distilled into

an ice-cooled container at a slow rate'*^^

the distillation

head temperature was kept between 42° and 47°C.
eyelopentadiene (4l

ml,

The freshly-distilled

33 8, O .5 moles) was added dropwise to a stirred

suspension of £-benzoquinone (54 g, O .5 moles) in 95 percent ethanol
(5 0 0 m;6).

After the reaction had been allowed to proceed for twelve hours,

the solvent was removed at room temperature (reduced pressure) to the
saturation point.

The solution was then cooled in an ice bath and the
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yellow crystals collected.

The compound thus obtained was Identical in

its IR and NMR spectra to en^-tricyclo[6.2.1.0^^ ^]undeca-4, 9-dien-), 6dione.

High yields were always obtained.

was found to be necessary.

Purification of the dione (XII)

This purification was carried out as follows:

The compound was dissolved in the minimum amount of diethyl ether; Norit-A
was added; the solution was then filtered by gravity; and, the ether was
removed under reduced pressure.

This procedure resulted in very yellow

crystals which, on zinc reduction, gave very pure dione (XIIl) (see Sec
tion P of this manuscript).
Yield:

P.

84 g (92 percent) of crystals; m.p., 68-69°•

Preparation of endo-Tricyclo[6.2.1.0^^ ^]undec-9-en-), 6-dione (XIIl)*^^
Zinc dust (1$ g, 0.25 moles) was added to a stirred

suspension of the Diels-Alder adduct, endo-tricyclo[6.2.1.0^^
undeca-4,9-dien-),6-dione (XII), (10 g, 0.54 moles) in water (100 mj0).
Glacial acetic acid (5 m£) was added to this mixture and the stirring
continued for two more hours.

At the end of this time, the zinc was

removed by filtration and washed with ethyl ether.

The filtrate was

saturated with sodium chloride and then extracted four times with ether.
The combined ether extracts and washings were evaporated leaving an oily
residue.

Chloroform was added to this oil and any precipitate which formed

was filtered out.

The chloroform was evaporated leaving a pale yellow oil.

This oil was shown to be identical in spectral characteristics to a sample
(i.e., endo-tricyclo[6.2.1.0^^ ^]undec-9-an-3j 6-dione) obtained from
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L. Green^^; this was determined by means of NMR and IR spectra.

Q.

Preparation of endo-Tricyclo[6.2.1.0^^ ^]undec-9-en-3j 6-diol (XIV)
The dione, endo-tricyclo[6.2.1.0^^’^]undec-9-en-

3,6-dione (XIIl), (11 g, 0.06 moles) in ethanol (100 mj0) was

\
Ho

cooled to zero degrees.

i~7
OH

Sodium borohydride (2.1 g, 0.06 moles)

was added in several small portions

over a five minute period and

reaction mixture allowed to warm to

room temperature over a period ofan

hour.

the

Stirring was continued for an additional hour at which time water

(100 mX) was added.

The reaction mixture was heated to boiling, boiled

for fifteen minutes and filtered.
was washed and collected.

The pale pink solid which was isolated

Identity was established by comparison of

spectra and mixed melting point material

with an authentic sample

ofthe

material obtained from L. Green
Yield;

R.

10 g (9 0 percent) of crystals; m.p., 136-137°*

Preparation of lO-Bromo-6, 9-epoxy-en^-tricyclo[6.2.1.0^^ ^]undecan-301 (XV)

The diol, endo-tricyclo[6.2.1.0^^ ^]undec-^-en-3,6-diol
(XIV), (4$ g, 0 .2 5 7 moles) was dissolved in chloroform (6 OO mX)
and cooled to zero degrees.

Pyridine (20 mX) was added and then

dropwise addition of bromine (I3 mX, 38 g, 0.45 moles) in chloroform (200 mX)
was begun.

The addition was complete after two hours.

The reaction was

stirred for seven hours and concentrated at reduced pressure.
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The excess

1+0

pyridine was removed by extraction with five percent HC4.

The chloroform

solution was washed, dried over NagSO^ and the solvent removed under
reduced pressure.

The crude solid product was recrystallized from ethanol.

The compound was identical in spectral characteristics to a sample (i.e.,
lO-bromo-6 ,9 -epoxy-endp-tricyclo[6 .E .1.0^^ ^]undecan-3 -ol) which had been
obtained by L. Greenes using a similar procedure.
Yield:

S.

59 8 (89 percent) of crystals; m.p., 162-163°•

Preparation of lO-Bromo-6,9-epoxy-endo-tricyclo[6.2.1.0^'^]undecan-3one (XVI)
The bromo-alcohol, lO-bromo-6,9-epoxy-en^-tricyclo-

[6.2.l.O^-'^]undecan-3“Ol (XV), (I3 g, O.O5 moles) was dissolved
in acetone (5OO mX) and cooled to 5°C.

A solution of water (I5O mjÈ),

chromium trioxide (5.4 g, 0.054 moles) and sulfuric acid (4.9

%,

O.O5

moles) was added slowly to the reaction vessel so that the temperature
remained steady at 5°C.

After the addition was complete the reaction

was stirred for an additional five hours and poured into a separatory
funnel containing water (200 m£).
several times with ether.

The aqueous solution was extracted

The ether solution was washed twice and dried

over sodium sulfate and the solvent evaporated under reduced pressure.

A

solid was obtained which proved to be identical in spectral characteristics
to a sample of the material to which L. Green assigned the structure, 10bromo-6 ,9 -epoxy-endo-tricyclo[6 .2 .1 .0 ^^^]undecan-5 -one.^®
Yield;

6 . 9 g (53 percent) of crystals; m.p., 136-137**.
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k\
T.

Preparation of 6 ,9~epoxy-tetracyclo[i|.2.1.O^^ ^.0^^ ^°]undecan-3-onc

(XVII)*=
The bromo-ketone, lO-bromo-6 ,g-epoxy-endo-tricyclo[6.2.1.0^^^]undecan-3-one (XVI), (4.1 g, 0.016 moles) was

^

dissolved in freshly-distilled dry tert-butyl alcohol (5O mX).

This

solution was added slowly over a forty-five minute period to a stirred
solution of potassium t-butoxide [generated by heating potassium (O.9 g,
0 .0 1 6 moles) in t-butyl alcohol].

The solution was refluxed for six hours

and then poured into dilute iced acetic acid.

The reaction mixture was

extracted with ether (three times with $0 mX portions), washed with NaHCOs,
dried over NagSO^ and the ether removed under reduced pressure.
was obtained which solidified on standing.

An oil

The NMR spectra showed a three

line pattern at approximately 4.55 PPm which is similar to that assigned
to the proton at C - 6 in the lactone series (ethereal proton).

Also appar

ent is what appeared to be a doublet of triplets at "~4.6 ppm and absorp
tions at 1 .6 ppm.
The precise mass of the parent peak of the compound was deter
mined as 1 7 6 .0 8 5 ^ 0 .0 0 2 amu which gives a best fit to CnHigOg.
2.1 g (75 percent) of crystals; m.p., 49-50°.

Y i eld;

2^^:

5 .88 p., 8.50p., lO.lOpL, 12 .0 5 p., 12.2p., 14.70p..

Analysis:
CiiHigOg

Calculated:
Found:

Spectra:

C, 74.9; H, 6 ,8 3 .

C, 7 4 .71 ; H, 6 .9 9 ,

NMR-9; IR-14.
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U.

The Ethylene Glycol Mono-ketal of endo-Tricyclo[6.2.1.0^^^]undoc-9en-^,6-dione (XXl)*8
1.

Preparation
The dione, endo-tricyclo[6.2.1.0^^

undec-$-en-$, 6-dione >yT

j

(XIII), (51*3 g, 0.29 moles) and ethylene glycol (16.5 m£, I8 .O g,
0 .2 9 moles) were dissolved in benzene (5 OO mj&) and placed in a Dean-

Stark apparatus.

Toluene sulfonic acid (1 g) was added and the solution

brought to reflux.

The reaction mixture was held under reflux until

water ceased to come over (about twelve hours).

The benzene solution

was cooled and the benzene removed under reduced pressure.

The oily

residue was taken up in ether and the ethereal solution was extracted
with K2 CO3 solution, washed with water, dried over CaC^g.

Upon evapora

tion of the ether and trituration with petroleum ether, a solid was
obtained.

The solid was shown to be identical in all respects to a

sample of (XXI) obtained from A. Russo^® and to the assignments which he
made to that structure (i.e., the ethylene glycol mono-ketal of ej^otricyclo[6.2.1.0^^^]undec-9-en-3;6-dione).

The NMR and IR spectra are

presented in this manuscript (see Section Z).
Yield;

25*6 g (40 percent) of crystals; m.p., 60°.

Spectra:

2.

NMR-11; IR-I5 .

Attempted AnnelationSQ;si
The ketal (XXI) (O .5 g, 0.023 moles) was dissolved in ethanol

(25 mX anhydrous) and stirred at 0° under nitrogen.

To this mixture was

added a solution of sodium (0.1 g, 0.04 moles) in ethanol (10 mX) dropwise
over a ten minute period.

The resulting reaction mixture was stirred for
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h3
twenty minutes and methyl vinyl ketone (MVK) (0.2

g,

O.O3 moles) was

added and the reaction mixture stirred at zero degrees for one hour.
reaction mixture was stirred at room temperature overnight.
acidification was followed by extraction with ether.

The

Careful

The ether was dried,

and evaporated to yield a small amount of black tar-like material that
could not be further characterized.

V.

Preparation of lO-Bromo-6 ,$-epoxy-6 -hydroxy-en^- tricyclo[6 .2.1.0^^

-

undecan-3-one (XVIIl)
To a stirring solution of the dione, en^-tricyclo-

[6.2.1.0^^^]undec-9 -en-3 ,6 -dione (XIIl), (10 g, O.O56 moles) and
pyridine (4.3 mJ&, 4.42

g,

O.O56 moles) in carbon tetrachloride (3OO m£ at

o'*) was added dropwise a solution of bromine (2.87 mX, 8.96 g, O.O36 moles)
in carbon tetrachloride (100 mX).

The solution was stirred cold for two

hours after the addition was complete.
solvent removed at reduced pressure.

It was then filtered and the
The red oil was taken up in chloro

form (20 mX) and washed several times with five percent HCX (to remove
the excess pyridine), then with water, dried over Na^SC^, and the chloro
form again removed at reduced pressure.

Trituration of the oil with

petroleum ether or leaching on a soxhlet extractor resulted in a white
solid.

The material was shown to be identical in spectral characteristics

to a sample of the compound (XVIIl) obtained from L. Green^^.
Yield;

6.1 g (40 percent) of crystals^ m.p., 127-129°.
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Preparation of 9~sjyn-hydroxytetracyclo[6.2.1,0^^ ^.0^^ ^°3undecan-5,6 -

Wo

dione (XIXT
To a stirred solution of the bromo-ketal, 10-bromo6,

9 -epoxy-6 -hydroxy-endo-tricyclo[6 .2 oI.O^^

undecan-^-one
OH

(XVIIl), (1 g, O 0O56 moles) in ethanol (20 m£ of 95 percent) under
nitrogen was added a solution of potassium hydroxide (0 .2 g, 0.04 moles)
in water (2

mJL)

in one portion.

from light yellow to a pale red.
hours at room temperature.

The reaction mixture turned immediately
The reaction was stirred for fifteen

The reaction mixture was evaporated nearly to

dryness at room temperature at reduced pressure and the oily mass leached
several times with I5 mX portions of chloroform.

The chloroform was dried

and evaporated yielding an oil which solidified on standing.
was very difficult to purify and the yield was low.

This material

Recrystallization

from chloroform:hexane was found to be the best system.

The infrared spec

trum showed absorptions at 2.85m* (sharp), 5*80m*, 5»90M‘ aiid 12.5m*"

Due to

difficult of isolation and purification, no NMR spectra were obtained.
However, the mass spectra of the compound showed a parent peak at 194 amu.
Yield:

0 .2 5 g (5 0 percent) of crystals; m.p.,

152 - 155 °.

Analysis:
C 11 H 12 O 3

Calculated:
Found:

Spectra:

X.

C, 68.60; H, 6.28.

C, 68.39*3 H, 6.46.

IR-I5 .

Preparation of 9-£;^-Benzoyltetracyclo[6.2.1.0^^

^°]undecan-3,6-

dione (XX)
The dione, 9-s;gv-hydroxytetracyclo[6.2.1.0^'’^.0^^ ^°]undecan-5,6-dione (XIX), (5 .1 g, 0.016 moles) was dissolved

.0

o
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in toluene (1 2 5

and pyridine (5

4.9 g; 0 .0 6 2 moles) was added.

The reaction mixture was heated to 80**C and benzoyl chloride (5 mj6,
4.1 g, 0 .0 3 moles) was added.
at 8 0 **0 for six hours.

The reaction mixture was allowed to stir

The reaction mixture was cooled to room tempera

ture and water (20 mX) was added.

This mixture was allowed to stir for

eighteen hours, and was then poured into a separatory funnel.

The organic

layer was washed with cold five percent HCj6 until the aqueous layer was
acidic and then with five percent NaHCOg until basic.

The organic layer

was washed with water until neutral, dried over NagSO^ and the toluene
evaporated at reduced pressure.
amount of chloroform.
formed on standing.

The residue was taken up in a small

Hexane was added until turbidity was noted.

Crystals

After recrystallization, a white solid was isolated.

The NMR spectrum was recorded and showed the characteristic

7. ^ - 8.0 ppm as well as a slightly split multiplet at

benzoyl absorption
5 .10 ppm.

Other aliphatic protons were in evidence between I.5O-3 .OO ppm.

The integral of the spectrum fit the assigned structure.

Mass spectra

of this compound showed a parent peak at 296 amu.
Yield;

0.75 8 (15 percent) of crystals; m.p., 192-193°»
5 .85 p., 7.80p., 12.3m., 15 .90 p..

Analysis:
CisHieOd

Calculated:
Found:

Spectra:

C, 72.9^ H, 5.41.

C, 7 2 .85 ; H, 5 .5 8 .

NMR-10; IR-12.
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Y.

Preparation of 9“S;tSrBenzoyltetracyclo[6.2.1.0^^ ^.0^^ ^°]undecan-3,6
diol (XXII^52
"
The benzoate (XX) (1 g, 0.0034 moles) was dissolved in

ethanol (125 mX),

f

To this stirred solution was added sodium boro- ^

hydride (O.5 g; O.OI5 moles) in several portions over a period of fifteen
minutes.
ture.

The reaction was allowed to stir for one hour at room tempera

Acetic acid (10 mJÎ)

and water (10 mJ&) were added and the mixture

heated to boiling, and boiled for fifteen minutes.

More water was added

and the reaction was extracted three times with ethyl ether.

The ethereal

layers were combined, dried over NagSO^ and evaporated at reduced pressure
yielding a crystalline solid (recrystallized from benzene).

The mass

spectra showed a parent peak at 3 OO amu.
Yield;
4^

:

0.4 g (6 5 percent) of crystals; m.p,, 209-210°.
3 .0 8 H ,

5 .8 5 p .,

7 .8 0 p .,

8 .9 5 p .,

9 . 40 p .,

9 .7 5 p .,

1 0 .3 0 p .,

10 .3 0 p., 12.4p..

Analysis:
C18 H20 O 4

Calculated:
Found:

Spectrum:

Z.

C, 72.00; H, 6.66.

C, 72.18; H, 6.64,

IR-11.

Spectra
NMR and IR spectra (see following pages 47 through 62),
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NMR-1
endo^2-Diphenylhydroxyniethyl-bicyclo[2.2.l]hept-5-ene
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NMR-2
endo-6-Diphenylhydroxymethyl-5“bicyclo[2.2.l]heptan-5“One
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NMR-3
en^-6-Diphenylhydroxymethyl-2-bicyclo[2«2. l]heptanone
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n m r -4

2-Di phenyImethylenebi eyelo[2.2.1]heptan-5-one
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NMR-5
8, 8-Diphenyl-7-oxatricyclo[2.2.2^^ ®.l]nonane
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NM R-6

8,8-Diphenyl-7-oxatricyclo[2.2.2^^

l]nonane
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NMR-T
81

5-Bromo-8,8-diphenyl-7-oxatricyclo[6.1.0.0^'®]nonane
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NMR-8a
5-Bromo-8,8-diphenyl-7-oxatricyclo[6.1.0,0^^ ®]nonane
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NMR-8b
5-Bromo-8,8-diphenyl-7-oxaCricyclo[6.1.0.0^'®]nonane
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NMR-9
6 ,9 -e p o x y - t e t r a c y c lo [ 4 .2 .1 .0 2 '7 .0 2 'iO ] u n d e c a n - 3 - o n e
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NMR-10
2-Diphenylmethylenebicyclo[2.2.1]heptan-5“One
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NMR-11
endo;-Tricyclo[6.2.1.0^' ’^]undec-9-en-3^ 6-dione
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IR-1
en^o-2-Di phenyIhydroxyme thyl-bicyclo[2.2.1]hept-5-ene

IR-2
8,8-Diphenyl-7-oxatricyclo[2 . 2 . 2 ^

l]nonane

IR-3

v2^ 6

8,8-Dipheny1-7-oxatricyclo[2.2.2

.l]nonane

IR-4
5-Bromo-8> 8-dlphenyl-7-oxatricyclo[6.1.0.0

]nonane
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IR -5

en^-6-DiphenyIhydroxymethyl-endo-2-bicvclo[2.2. llheptanol

IR-6
endo-6-Dlphenylhvdroxvinethyl-en^-2-bicyclor 2.2. llheptanol

IR-7
en^-6-Diphenylhydroxymethy l-3-bicyclo[ 2.2. l]heptan-5-one

IR-8
e n ^ - 6 - D i p h e n y Ihy dr oxyme thy 1- 2-b i eye lo [2.2.1 ]hep tanone
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IR -9

2-Diphenylmethylenebicyclo[2.2.l]heptane

IR-10
2-DiphenyImethylenebicyclo[2.2.1]heptan-5-one

IR-15
endo-Te tracyclo[6.2.1.0

]undec-9-en-3,6-dione
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IR-11
9-syn-Benzoyltetracyclo[6.2.1.0

7

.0

2^ JLO

]undecan-3>6-diol

IR-12

9-£sm-Benzoyltetracyclo[6.2. 1.0^"'^.0^^®3undecan-3, 6-dione

IR-13
9-£yn^-Hydroxytetracyclo[ 6.2.1.0^^

0^

]undecan-3,6-dione

IR-14
6,9-epoxy-Tetracyc Io[ 4.2.1 .0 ^

0^

undecan-3-one
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III.

DISCUSSION

Although phyllocladene had been synthesized previously^ a new
plan was conceived several years ago.

The efforts of Turner _et al.^° and

Ireland e_t al.^^ resulted in a very ingenious route around a most per
plexing stereochemical problem.

However, the utility of any synthesis

rests on its flexibility; neither of the approaches thus far completed
had sufficient flexibility to allow extrapolation into more complex systems
or to allow labelling studies to be accomplished.
The study which Green^® began in I967 provided in principle a
very flexible synthesis of phyllocladene type diterpenes.

The route

envisaged would contribute to our understanding of the biogenetic rela
tionships among the phyllocladene-kaurene family by affording a more
straightforward synthesis of these compounds suitable for labelling in
rings C and D.

The synthesis which was proposed is shown in Figure 16.

The dione (1) was to be subjected to a Robinson^'^ annélation.
Due to the configuration of this dione, the underside of the cyclohexane
ring is blocked by the cyclopentadienyl side chain.

The stereochemistry

of the O', 3-unsaturated ketone (2) would, therefore, be known with certainty.
The method of Meyer^^ was then to be used on 3-addition of cyanide to
produce the amide at the junction of the B/C ring system.
A reformatsky reaction^® between ethyl CK-bromoacetate and the
ester (3 , R = Cgbÿ) would be expected to yield the ethyl ester lactone

(1+, R = C2%).

65
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Figure 16

3)CH,N,

’CO,CH,

(3 )

BrCHfO;R/Zn

;o,R

1) OC,h ' ’

) Zn

2

'CO,R

-CO,
HO

HO

(5 )

1)h c o ,c ,h ,
2) LIAI H.

3)H*

CHO
NH,NH,

H

CrO,
HO

(9)
(a)

) CH,I

1

2I Zn

CO,CH

(10^
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Reduction of the lactone function (4) followed by a Dieckmann
ring closure and decarboxylation of the 3 -carboxy system would give
the ketone (6 ).

Reaction of this compound via the acetal should yield

the O', P-unsaturated aldehyde (7 ). Wolfe-Kischner reaction of this type
system had previously given rise to the exocyclic double bond (8 ) re
quired in phyllocladene.57
Oxidation of the hydroxyl function followed by thermal retroDiels-Alder reaction would be expected to yield^® the desired B/C/D system
(10).

Méthylation of this system, followed by Robinson annélation would

produce either (12 a) or (12b) depending on the annélation agent employed.
The méthylation reaction would yield the cis-trans B/C/D system.

Further

méthylation and reduction should yield phyllocladene (1 3 )»
This route of synthesis provides a more direct and stereo
selective method for the synthesis of phyllocladene; and, in addition,
the synthesis allows a convenient route for the radioactive labelling of
ring D.
Preliminary studies were undertaken to determine the prac
ticality of this new approach; it was soon discovered that the syn
thesis would involve a major, long-term study.

Earlier work involved

reactions of the dione (1 ) with methyl vinyl ketone and other precursor
materials.

In the reaction with methyl vinyl ketone (see Figure I7 ),
Figure I7

^

+ ILÏ

^ polymer
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only hydroquinone and cyclopentadiene, which are both products of a retroDiels-Alder reaction, could be identified.
These annélation studies led to the belief that the dione,
per se, could not be used for the annélation.

The retro-Diels-Alder

reaction which had been observed under mild conditions precluded simple
annélation.

It was felt that modification of the system would be necessary

in order to proceed.
In order to prevent the retro-Diels-Alder reaction, two
approaches were entertained;

either (1 )

the double bond in the cyclo

pentadienyl side chain could be blocked in some manner; or, (2 ) one of
the carbonyl groupings in the cyclohexyl ring system might be reduced.
Both of these approaches were investigated;
(1)

Blocking of the Double Bond— On bromination, the

afforded a mono-bromo product (see Figure l8 ).

When this compound was

Figure l8

treated under Robinson's conditions^% a complex reaction took place yield
ing what appeared to be an epoxide and an ethyl ether type material.
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structures were tentatively identified as shown in Figure I9 .

Since it

Figure I9

c.H.q

C,H,0-

XXIX

XVIII

XXX

seemed apparent that these compounds would not be of value for further
synthesis, the second approach was attempted.
(2 )

Reduction of One of the Carbonyl Groupings— It wa

first thought that selective reduction of one carbonyl would give suffi
cient stability to prevent the retro-Diels-Alder reaction.

When it was

found that the selective reduction was not possible, an alternative
sequence was developed via the route shown in Figure 20.

Reduction of

Figure 20
NaBH.

Br,

HO

OH

1:1 BH."

Br
Zn

HO
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both carbonyl groups Followed by brominalLon yielded the hydroxy-bromoether (XV).

Oxidation of this material,

the desired ketol.

followed by debromlnalIon yielded

However, attempts to annelate this ketol yielded

results similar to those of the parent dione.
The bromo-ketone (XVI) seemed to hold promise as a suitable
intermediate; and, in view of the previous failures, it was the next
subject of investigation.

Treatment of this material under Robinson's

conditions'^ yielded a product which was tentatively assigned the structure
shown in Figure 21.

Figure 21

XVI
XXVIII

At this time, it was apparent that a thorough investigation of
the structures assigned to the hydroxy-bromo-ether (XVIIl) and bromoether (XVI), as well as a more thorough investigation of the chemistry of
these systems would have to be conducted.

Based on extensive studies of

lO-bromo-6, 9-epoxy-6-hydroxy-endo-tricyclo[6.2.1 . 0 ^ ^ undecan-^-one (XVIIl),
the structures of the bromo-ether (XVI) and hydroxy bromo-ether (XVIIl)
were assigned containing a five-membered ring ether rather than the sixmembered ether.

These structural assignments were questioned (see
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6t)
Figure

22) ,

however, when it was discovered that the NMR spectra of the

bromo-ethers were very similar to the spectrum of the iodolactone (11).

Figure

22

vs.

Br,

o

vs.

OXVI

The most striking similarity of the NMR of these compounds was
the presence of two doublets downfield of the rest of the alkyl protons.
This pair of doublets in the iodolactone had been assigned^® to %
(see Figure 2)), respectively.

and He

Reasoning that the most downfield proton

was exo- and adjacent to the halogen in this series (i.e., tricycloundecanes), the next doublet upfield was then assigned to the endo-proton
vicinal to the halogen.

The fact that this upfield doublet shifted on

going from the ketone to alcohol suggested that the proton involved is in
close proximity to the keto-function.

These studies suggested that the

correct structure was, indeed, the five-membered ether rather than the
six-membered.
The rather uncanny resemblance of the NMR of the iodolactone Lo
this series of compounds led to some skepticism concerning the structure
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of the iodolactone once the data discussed above were confirmed.

Although

similarity of the configurations and thus the splitting pattern about C5
and Cq in the iodolactone and Cg and Ciq in the tricycloundecane series
was present, no explanation of the similarity of the positioning of the
NMR peaks could be justified unless a structure giving more importance
to the carbonyl was proposed.

From examination of models in the iodo

lactone series, it appeared that if the linkage involved a six- (rather
than the five-) membered ring, one can formulate an argument for simi
larity of anisotropy (i.e., in the case of the six-membered lactone, the
Cg hydrogen lines up with the lactone carbonyl).

If the carbonyl were

oriented as shown for the six-membered lactone, the shielding of the
proton on the iodine-bearing carbon would be expected to have greater
similarity to that of the Cg hydrogen in the tricycloundecane.

Hence,

it appeared that the assigned structure of the tricycloundecane series was
correct and that the assigned iodolactone structure might be incorrect.®®
Alder and S t e i n ^ apparently gave little or no consideration to
the possible formation of the six-membered lactone; however, Roberts et
al.®^ suggested this lactone structure based upon their work.

Later,

Crundwell and Templeton®^ noted the abnormal resistance of exo-$-hydroxyendo-2 -hydroxy-6 -bicyclo[2 .2 .l]heptanecarbolactone to oxidation (see
Figure 24).

He questioned whether or not the structure of this lactone
Figure 24
C rO ,
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was correct.

In fact, if the hydroxy lactone was the six-membered lac

tone, the attempted alignment of the two opposing dipoles— which are
exceedingly near each other (see Figure

2 k )—

would be useful in explaining

the anomalous behavior.
In an attempt to rigorously assign the structure of the iodo
lactone, it was decided to degrade the simple lactone by means of a
Barbier-Wieland degradation.

This series of experiments (see Figure 2 5 )

Figure 25
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was expected to settle the question of assignment in both (ll) and
(XVIIl) since bicyclo[2.2.l]heptane-2,$-dione (XXXIII) is a known com
pound.®®

However, repeated attempts to dehydrate the ketol (XI) in

this series were unsuccessful.

It was at this point that L, Green con

cluded her study of these series of compounds.
In all reports published thus far, only two lactones have been
isolated in the bicycloheptane series.

One has been assigned the struc

ture, bicyclo[2 .2 .l]heptane-2 ,6 -carbolactone®®, and the other, the
bicyclo[2.2, l]heptane-2, 7” Carbolactone®‘
* assignment (see Figure 26).
This is quite odd since a number of articles have been published con
cerning the chemistry of the bicyclo[2.2.l]heptane systems.®®'®®

Both

lactones are, however, known in the bicyclo[2 .2 .2 ]octyl systems®^'®® (see
Figure 2 7 ).

Figure 26

Bicyclo[2.2.l]heptane-2,7-carbolactone

Figure 27

Bicyclo[2.2.2]octyl
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Since the iodolactone structure assignment (i.e., 2.6-) ap
peared to be questionable, a synthesis of an example of each series
(2 , 5 “ and 2 ,6 -) was attempted as a possible means of establishing the
credibility of the 2,6 -assignment.

The scheme shown in Figure 28 was

considered to be the most direct route to this end.

Figure 28
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IX

Phenyl magnesium bromide would produce the carbinol (IV) from the
pure ei^o ester.

Borane would be expected to react non-selectively®'''^

at the "5" and "6 " positions yielding a mixture of the two diols.
dation by Jones’ procedure®®'’’^

Oxi

should generate a mixture of ketols and,

subsequently, the separation of these two compounds would give examples
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of each series.
The reactivity of the known ketol (XI) (i.e., endo-6-diphenylhydroxymethy1-2-bicyclo[2.2.1]heptanone-- see Section II, page $1) had
been ascertained previously.

It was hoped that the unknown ketol would

behave differently.
Reaction with phenyl magnesium bromide proceeded smoothly.

Re

action of this carbinol with borane resulted in a gummy material which,
upon oxidation via Jones' procedure^ yielded a single product in ^0 per
cent yield based on the two steps (borane and oxidation).

Equally sur

prising and quite encouraging was the fact that this compound was not
identical to the previously produced material.

While it was not under

stood why only one compound was produced, the compound was treated as
previously planned in an attempt to establish its structure.
Dehydration, which had failed in the ketol derived from the
simple lactone, proceeded smoothly.

Analytical data supported the

expected empirical formula and spectral data indicated no hydroxyl.

The

NMR of this compound was recorded and the integral fit the desired ratio
of aryl to aliphatic protons exactly.
The success of the dehydration reaction had given high expecta
tion of future successes.

The last step in the proposed series was

attempted under a variety of conditions.

The product of this oxidation

would have been either the 2,5- or 2,6-diketo system.

Isolation of

either the 2,5- or 2,6-diketonorbornane would provide binding proof of
structure of these compounds because;
already known; (2)

(l)

the 2,5-diketo compound was

the ketol which was available was in the opposite

series from that isolated by direct means from the simple lactone (Xl);
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and, (3 )

that lactone was already related to the iodolactone.
The oxidation procedures using osmium tetraoxide^^ and permanga

nate failed to give evidence of any reaction and unexpected difficulty was
encountered when ozonolysis was attempted.

On several occasions, using a

variety of solvents and procedures, the unsaturated ketone was subjected
to ozonolysis.
lated.

Benzophenone, the aromatic product of cleavage, was iso

It is possible that the ketone undergoes further reaction and

cleavage to yield volatile or non-neutral products not identifiable by
the methods utilized.
If the literature^® pertaining to the iodolactone was correct,
the diketone which was isolated would have had the known 2,5-diketo con
figuration; should the literature be incorrect, the 2,6-diketone would
have been the resulting isolated diketone (see Figure 25, page 72).

This

2,6-diketone would be expected to undergo facile retro-aldol cleavage
(see Figure 2 9 ); this reaction would be enhanced by the strain inherent
in the bicycloheptane system; and for some time, it was felt that this

Figure 29

H

,CO,H

XXVI

was the reason for the lack of Isolation of the desired diketone.

Another

possible explanation for this lack of isolation is the rearrangement^^ of
the ozonide as shown in Figure 3 O.

Several oily substances were isolated;
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none of which corresponded to the desired diketone or to either of these
rearranged possibilities.

Figure 30

O

%
0

0

-

0

Another route of rearraugment involving the Criegee ozonolysis
intermediate^^'

is possible.

yielding the classical

Attack on the double bond (see Figure $1)

1 , 2 , trioxolane type intermediate, followed by

cleavage would yield the ketone (XXXIII) and the dipolar intermediate
(XXXIV).

This intermediate is resonance stabilized so that when the attack

on the intermediate ketone takes place, Bayer-Vi1lager type rearrangement
might take place in preference to 1,2, ^trioxolane formation.

The product

could be easily fragmented on workup to yield acidic products (as shown
in Figure 3 I) which would not have been isolated.
S t o r y h a s recently discussed the ozonolysis mechanism.

He

reports the observation that in the presence of non-associated aldehydes
(i.e., propionaldéhyde) or ketones (i.e., cyclohexanone) Bayer-Villager
type oxidation occurs.

In using cyclohexanone he observed the rearrange

ment of the molecule to yield the corresponding lactone.

It is reasonable
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Figure 51
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XXIII

0

“

0+
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XXXIV

t
0
CO,H
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0

o _

to expect similar rearrangements to be favored in the bicyclo[2.2.l]heptan-2,$-dione system.
Since these degradative methods failed, several other routes
were investigated.

Among the more promising was a thorough NMR study of

a compound which had just been synthesized (V).

The carbinol (IV) ob

tained from the ester (III) had been reacted with bromine; the product
was a mono-bromine derivative (see Figure 52).

The NMR of the compound

was extremely well resolved (each proton being discernible).

Detailed

analysis, including several decoupling experiments, served to establish
its structure.
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Figure 32
s y ^ 1 a n ti
Br
OR

Examination of the NMR (see NMR-7, NMR-8a, NMR-8b and tabula
tion of irradiation presented on page 3^) of this bromo compound was
accomplished with the aid of the following decoupling experiments:
1.

Irradiation of the 3*78 doublet of doublets resulted

in the collapse of the 1.6$ broad multiplet into a nice smooth doublet.
Irradiation of the center of the 1,65 multiplet resulted in the removal
of the 1 cps coupling in the 3*78 doublet of doublets.

The already well

documented?5'^^ long-range coupling in the norbornyl system would suggest
that the 3 *7 8 doublet of doublets was the endo-proton vicinal to the bro
mine and that the I.6 5 multiplet was the 7-anti proton.
Assignments made thus far could not serve to distin
guish the two possible structures.

Similar results would be expected with

either the five- or six-membered ether as shown in Figure 3 2 .
2.

Irradiation of the 4.7^ absorption resulted in a

smoothing of the broad multiplet at 2.6 9 .

Irradiation of this 2 .6 9 peak

resulted ir removal of the 5*7 cps coupling in the 4.74 & which left a
very nice singlet remaining.

Due to the proximity of the bromine on

carbon 5 , the most downfield doublet is assigned the exo hydrogen on the
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carbon adjacent to the bromine.

The splitting observed for the doublet

(j = 5»7 cps) is in line with the assignment of the coupling to the " 1"
bridgehead proton in the iodolactone series and the bromo series.
3.

The large value of the coupling constant between the

2 .1 0 and I .6 5 multiplets (1 0 .8 cps) suggests a geminal relationship

between two protons.

Since the I .6 5 multiplet is assigned 7-snti

(with respect to bromine), the 2.10 multiplet must be 7-syn.

Another

geminal coupling which was impossible to decouple (due to close chemical
shifts) was the one between the 3~c]S2,

3-endo protons.

14.1 cps coupling between the 1.22 and 1.88 multiplets.

This was a
Long-range

coupling should exist between the 3-gpdo and 7-syn protons.

It was not

possible to decouple these protons due to the proximity of the peaks to
one another.

The coupling was inferred as approximately O .5 cps,
4.

The 2 .6 9 multiplet was irradiated and the 3»25 multi

plet collapsed to a doublet and the 4,74 rough doublet (actually a doublet
of doublets) smoothed to a very nice doublet (the O .5 cps splitting having
disappeared).

Since only one possible configuration can support this

possible result (i.e., two protons on adjacent, but separate, carbons to
the one being decoupled), the 2 ,6 5 multiplet must be at either the "1" or
"4" position of the bridgehead; said position depending on whether the
éther involves a five- or six-membered ring.
It can now be seen that the only possible configuration is the
five-membered ether since:
2 .6 5 proton; and, (2)

(1)

the 4.74 multiplet is coupled to the

the 4.74 proton is exp-.

Also supporting this

contention is the further evidence that the 2.35 broad multiplet is
strongly coupled to the upfield proton (1.25 PP™) and apparently only
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slightly (1 cps) to any other.

If the ether were the six-membered ring,

the "1" proton would not be coupled strongly to two other adjacent pro
tons and, in addition, the " V

proton would be coupled to the exo-pro ton

on "5" carbon (a coupling which is not observable).
A complete list of the coupling constants as measured is
presented in Table II (see Experimental Section, page 35)»
This data seemed to indicate that the structural assignment of
the iodolactone as published in the literature®^ to be correct.

A more

powerful tool could be used in clarifying this structure; viz, to have
available examples of both the 2,5- and 2,6- compounds for close exami
nation.

(One would prefer to obtain one of the two by an independent

means).

Consequently, the work reported by Kropp and Rrauss^i on the

photochemistry synthesis of the ether (see Figure 33) was of primary
importance since it provided just such a tool.

This work^^ was the first

recorded case of the synthesis of the six-membered ring ether (or any
compound in the bicyclo[2.2.l]heptyl series with the 2,5-ring system).

Figure 33
hv

R = H,CH;

When the diphenyl carbinol (IV) was subjected to irradiation
under the same conditions as those used by Kropp and Krauss^\ an ether
was obtained (see Figure 3^).

The NMR showed no vinyl protons and the
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analytical data fit the predicted composition and molecular weight pre
cisely.

By analogy with the proposed structures, it was reasoned that

this compound was the six-membered ether as shown in Figure

This

compound was different from the previously isolated ether (VIl) in melting
point, NMR spectrum and IR spectrum.
Figure

hv

IV

VI

Although there was Justification for questioning the assign
ments for the lactones because of the similarity of the NMR of these
compounds, it now appeared that this similarity was nothing more than a
coincidence.

While the proton exo and adjacent to the halogen can

(understandably) be similar in both series, the similarity in chemical
shift and the appearance (on the same carbon) of the protons endo is not
expected.

These should feel a different field by virtue of the close

proximity to the carbonyl [in the case of the bromo compound (XVI)] and
the ester (in the lactone) being oriented in different directions.

The

similarity of the NMR of these two, quite different, types of compounds
is apparently due to anomalous anisotropic effects.
Confident that the structures assigned to the bromo-ethers
and the iodolactones were correct, efforts were once again made to syn
thesize the phyllocladene system.

L. Green^^ had reacted the bromo-

hemiketal with ethoxide and, as a result, had isolated the epoxide (XXIX)
shown in Figure I9 .

Such epoxides are usually particularly reactive;
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but since we had observed that the chemistry of these compounds some
times seems abnormal, this analysis was accepted.

It had also been

reported^s that the reaction of this supposed epoxide (XXIX), with the
addition of more ethoxide, yielded an ethoxy compound (XXX) (see
Figure 19).

From the previously reported^® isolation of the epoxide

(XXIV) using ethoxide ion, it was inferred that the formation of the
epoxide (XXIX) by treatment of the same substrate (XVIIl) with KOH
might possibly yield the hydroxy derivative (XXVII) (see Figure 35)»
The speculation was that this hydroxy compound would fit nicely into

Figure 35

HO.
OH"

XXIX

XVIII

the proposed synthesis.

XXVII

The alcohol function should be entirely inert

to the annélation conditions and subsequent procedures.

In addition,

it should be easily removable at some later time by conversion to the
halide as shown in Figure 3 6 .
When the hydroxy-bromo-ether (XVIIl) was reacted with base, an
oil was isolated.

This oil was believed to be the desired alcohol.

In the interest of structure determination of this compound, the oil
was reacted with excess benzoyl chloride.

As a result, a compound was
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isolated which logically should have been the dibenzoate.

Spectral

data (particularly, the mass spectra data) did not conclusively support
this structure as being the dibenzoate.

Figure 36

Zn

OH

A

Several things about this structure did not agree with the
data recorded.

The mass spectra showed a parent peak at 296 amu (exactly

122 amu below the expected 4l8 amu) with no other peaks evident be
tween 296 amu and 4l8 amu.

While it is possible for the elimination of

the benzoic acid moiety (122 amu) to o c c u r i t
would occur quantitatively.

seems unlikely that this

In addition, when the oily alcohol was

treated with exactly molar quantities of benzoyl chloride, the spectra of
the product was identical in all respects to this supposed dibenzoate.
In the meantime, several attempts to isolate the proposed inter
mediate epoxide were initiated. In one case, what was believed to be this
elusive intermediate was isolated.

The NMR spectra of this compound
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showed a rather strange phenomena; specifically, this spectra showed
some upfield peaks.

However, the mass spectra and elemental analysis

supported the proposed epoxide structure and, therefore, it did appear
as though the epoxide had formed.

Nevertheless, the difficulty of

isolating the epoxide coupled with the apparent inconsistency of the
benzoate results led to a re-examination of the data.

From the informa

tion at hand, it was reasoned that, in addition to the epoxide formation,
another route might be possible which would yield equally plausible
results (see Figure 57)»

Figure 37

OH

OH
OH

X

XVIII

This proposed nortricyclane structure (XIX) would not be
distinguishable from the epoxide unless additional data was obtained in
order to corroborate that which was presently available.

However, the

nortricyclane structure would explain the inability to form a dibenzoate.
Reaction of the nortricyclane would lead to a monobenzoate only (see
Figure )8).

This was strictly speculation since no firm data was avail

able which would completely reject the epoxide.

In order to test this
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hypothesis, a compound which was unable to undergo epoxide formation was
required.

Such a compound had been produced previously [viz, 10-bromo-

6,$-epoxy-endo-tricyclo[6.2.1.0^'^]undecan-)-one (XVl)].

It was decided,

therefore, to subject the bromo-ether (XVI) to conditions under which
only the desired reaction could take place.

Treatment of the bromo-ether

(XVI) with potassium t-butoxide gave a product which was assigned the
structure, 6,9-epoxy-tetracyclo[4.2.1.0^^^ . 0 ^ ^°]undecan-)-one (XVII)

Figure 38

OR
HO
OH

XIX
A

^ci

OR
II

o

(see Figure 39)®

XX

V

This structure was assigned on the basis of HBr loss

as shown by mass spectra and elemental analysis.

In addition, other

Figure 39
,CH,
CM,

XVI

XVII
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spectral data also support this proposed structure (see:
Section, Item T, page 4l of this manuscript).

Experimental

Roberts et al.^^ sug

gested that the IR spectra of simple nortricyclanes show characteristic
absorptions at 12.2 to 12.5 microns.

Two very strong absorptions were

observed at 12.05.M- and 12.2p, in the IR spectra of the bromo-hemiketal
(XVII) (i.e., 6,9-epoxy-tetracyclo[4.2.1.0^^ ^.0^^ ^°]undecan-5-one)— see
Experimental Section, IR-l4, page 62; a similar absorption was observed
at 12 .3 p. 1» the IR spectra of the dione (XIX) (i.e., 9-^s%5-hydroxytetracyclo[6.2.1.0^ ^.0^^
IR-13 , page 6 3 .

undecan-3 ,6-dione)-— see Experimental Section,

Based on NMR absorptions in the region 1 - I .5 ppm,

Sauers and Kiesel^® assigned the structure of 4-chloro-notricyclanecarboxylic acid, 4-nortricyclanecarboxylie acid, and a number of other
compounds of this type.
other workers,®®

This upfield absorption has been observed by

For example, in the bromo-hemiketal (XVII) an absorp

tion did exist at 1,5 ppm; on the other hand, there was no such absorp
tion in the hydroxy-bromo-ether (XVIIl) precursor.

The formation of

cyclopropanes in rigid systems such as this has been previously re
p o r t e d . 48' 61,79,81

In order to test this hypothesis on the benzoate, it was sub
jected to reduction sodium borohydride,

A solid compound resulted

which appeared to have had two moles of hydrogen added.

This observa

tion was based on the mass spectra and elemental analysis of this solid
(see Figure 40).

This was in agreement with the proposed structure.

The detection, and eventual proof, of the formation of the nortricyclanes as is specified above, brings into focus several previously
performed experiments.

Namely:
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1.

Green's proposed epoxide (formed by using EtO
(see Figure I9 ),

2.

Green's proposed ethoxy derivative^®
(see Figure I9 )

3.

The failure of the product of the XVIII and KOH
reaction to form a dibenzoate
(see Figure 3 8 ),

4.

The apparent formation of epoxide (with
(see Figure 3 8 ); and

5o

OH)

The anomalous internal Darzen reaction to give
2 ,l4:10 , 13 -diepoxy-tetracyclo[1 0 .2 .1 .0 ®^®.0 ®^^^]pentadecan-5 -one (XXVIIl)^®

(see Figure 21),

Figure 40

bh;

XX
XXII

It now appears that the "epoxide" may have been the nortri
cyclane and the ethoxy derivative may have been only an artifact (perhaps
solvent-trapped).

A compound with the nortricyclane structures would be

expected to form a monobenzoate only.
One reaction for which the formation of the tricyclane affords
explanation is the apparent Darzen reaction under Robinson conditions.
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The product which was isolated was probably that which is shown in
Figure 4l rather than the diether.

Figure 4l

MVK
OR

XVI

It now appears certain that the bromo derivatives prepared
during L. Green's s t u d y w i l l prove useless as direct precusors for
the synthesis of phyllocladene.
Additional work on the synthesis of the B/C/D ring system was
attempted by making use of the ketal formed from the reduced Diels-Alder
adduct (see Figure 42).

Reaction of this ketal with a variety of reagents

Figure 42

HO

XIII

OH '

XXI

failed to give the desired annélation product,

in the first reaction in
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the series (i.e., dione monoketal with methyl vinyl ketone in the presence
of ethoxide ion), the methyl vinyl ketone polymerizes very rapidly;

con

sequently, only starting ketal and tarry polymer could be isolated.
Using the Mannich reaction®^, this ketal was treated with di
methyl amine hydrochloride (i.e., paraformaldehyde and acid).

These con

ditions should have opened the ketal in addition to the desired alkylation.
Yet, the only material recovered after treatment with ethyl acetoacetate
was a small amount of an oil which showed the side chain to be cleaved.
Straightforward Robinson reaction^4 with methyl vinyl ketone
in the presence of sodium hydride resulted in recovery of a small amount
of starting ketal material but, again, the predominant product was a
tarry residue.
In an effort to determine whether or not the of-protons could be
abstracted, the ketal was reacted with NaH and then benzyl chloride added.
In this case, a return of starting material was almost quantitative.

It

was apparent here that either these a-protons were particularly difficult
to remove or the carbanion was not sufficiently reactive to alkylate.
Reaction of the ketal with pyrrolidine to yield the pyrroli
dine enamine®® was examined in an attempt to determine if alkylation by
this route might be feasible.

On several occasions, the ketal was dis

solved in either benzene, toluene, or xylene and the pyrrolidine added.
Azeotropic

distillation of the mixture yielded water as is typical in

cases of this type.

When the quantitative amount of water had come over,

the Dean-Stark apparatus was removed and freshly-distilled methyl vinyl
ketone was added.

There was no case in which supportable evidence of

annélation was obtained.

It was almost as if the enamine XXXV had not
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formed or, if it had formed, it would not react as an enamine.

This

anomalous behavior can be rationalized if the structure of the enamine
is examined closely.
In order for the reaction shown in Figure 4) to occur, the

Figure 4)

XXXV

electron pair on nitrogen must overlap®® with the pi-cloud of the double
bondo

Because of the great amount of steric hindrance involved in the

tricyclic structure (including the spirodioxo pentane system) it is
possible that the necessary overlap is never available.

Another con

sideration which might explain the apparent lack of reactivity is the
possibility of the formation of the enamine XXXVI (see Figure 44).

Figure 44

I n s t e a d

XXXVI

o f

XXXV
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highly compressed structure would be expected to suffer from the addi
tional interference by the bridge.
In summary, the structure of the iodolactone (II) has been
firmly established.

The potential intermediate (XVIIl) which led ini

tially to the investigation of the iodolactone has been shown to undergo
a base catalyzed elimination of HBr to give a nortricyclane derivative.
The ketal (XXI) has been tested as a possible intermediate in
the formation of phyllocladene.

The enamine from this ketal has been

found to resist annélation.
Further utility of the general approach outlined in this work
will require the following:
1.

The cyclopentadienyl side chain be blocked from under
going fission;

2o

The blocking group be non-displaceable;

3o

The blocking group be easily removed at some later
point.

The result of this work is to show that, with the annélation
conditions employed, the tricycloundecanes which were available cannot
be annelated satisfactorily.
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APPENDIX I
A STUDY OF THE STEREOCHEMISTRY OF
10-Bromo-5-hydroxy-6,9-epoxy-tricyclo[6.2.1.0^^^]undecane

A.

Introduction
As stated in the discussion section of this manuscript, our

attempted annélation of lO-brorao-6,9-epoxy-tricyclo[6.2.1.0^'^]undecan-3one(l) failed (see Section III, page 68).

This compound (I) was expected

to be a possible precursor to the terpene phyllocladene.

It could not,

however, be used for this purpose unless the failure could be understood
and the conditions which had caused the failure avoided,

[it should be

noted that the failure to affect annélation in (I) has now been attri
buted to the formation of the nortricyclane type compound via direct in
ternal displacement (see Section III, page 86)].
The compound, lO-bromo-6,9-epoxy-tricyclo[6.2.1.0^'?]undecan-3one(l), was prepared by the scheme shown in Figure 4$ and described in the
experimental section of this dissertation,

Diels-Alder reaction of cyclo-

pentadiene (II) and paraquinone (III) followed by reduction of the Qf, 3unsaturated ^-diketone (IV) with zinc yielded the dione (V).

The compound

(V) was reduced with sodium borohydride to yield the diol (Vl).

Bromi-

nation of the diol gave (VIl) which was easily oxidized to (I).

The

attempted Robinson annélation (I) gave a bromine-free product which appeared
to fit the structure assignment (VIIl) (see Section III, page 6?).
The compound appeared to have been formed by intramolecular di s 
placement by alkoxide ion (formed incident to ring closure).^

Williamson’s

classical ether synthesis^ involves similar displacement and the D a r z e n ’s

99
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Figure 4$
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type displacement®® to yield epoxy type products has had important
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^^e properties of nucleophile involved in many

of these reactions are not appreciably different from that of the
proposed incipient alkoxide in the Robinson annélation of (I).
Bromine is a sufficiently good leaving group to enable a favorably
located anion to displace it intramolecularly.

The proposed structure

(VIII) for the bromine free compound involves strain but, from exami
nation of Drieding models, the level of strain seems acceptable.
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Transannular ring* closure in cyclic lactams has been reported and
studied for strained and medium ringp lactams.

The a,3-unsaturated

amino-ketone (IX) was found to undergo closure easily in the presence
of acid (see Figure 46).

The ring closure process was found to be

strongly influenced by the preferred conformation of the compound.
It seems that a ring closure similar to that postulated for a com
pound such as (I) could possibly occur.

Figure 46

CHa

IX

In an effort to study this proposed displacement, a series
of displacement reactions was contemplated.

The first, intramolecular

Williamson's ether formation of the alcohol function in (VIl), was
attempted by simply removing the hydroxyl proton with sodium hydride
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under various conditions of temperature and solvents, only starting
material could be isolated.

[Note:

Toluene is the only solvent

specified as having been used in this experiment (see page 112) but
the use of other solvents was also attempted (e.g., benzene, ether
and xylene)].

This behavior seemed odd, especially in view of the

apparent ease of a similar cyclization in Robinson's annélation of
(I).

[The proposed structure for (VIII) has now been shown to be

incorrect; however, the work reported herein was predicated on the
incorrect structure].

A satisfactory explanation of this behavior

was not easy to find.
The strain in the bicyclo[2.2.l]heptane system contributes
to its unique reactivity.

Since (VII) is associated with a bicyclo-

[2 .2 .l]heptane system, Drieding models of (VII) were examined in an
effort to understand the lack of reactivity.
the alcohol can

The models suggest that

exist in two discrete conformations, (Xl) and (XII).

One of these conformations, (Xl), is favorably disposed for the dis
placement; however, the other structure, (XII), shows the alcohol
function to be bent at an awkward angle with respect to SN2 attack on
C-10 (see Figure 4?).

With the thought in mind of reproducing similar

conditions to those which exist in the Robinson reaction, cyanide
addition to the carbonyl was undertaken.

The rationale for attempting

this reaction was that the incipient alkoxide would be located in a
position more like that of the proposed alkoxide which was believed to
give rise to (VIII).

The reaction of cyanide with (I) was studied in
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Figure 4?

H

/

CH

VS .

XI

XII

ethanol as well as in dimethyl sulfoxide.

The rather unique solvating

properties® of the latter had little apparent effect.
desired diether was prepared by this route.

None of the

It was still felt that

some unidentified strain was the cause of the lack of reactivity.
In an effort to study the effect of bulky groups on con
formation and perhaps gain an understanding of the alcohol function
in compounds such as (VIl),
was prepared.

the phenyl Grignard derivative of (l)

The phenyl derivative contained bromine and was assigned

the structure e ^ - p h e n y 1 - e n d ^ h y d r o x y (XIIl).

Even though the hydroxy

grouping should have been well underneath the ring system due to inter
action of the phenyl with the bridge and in very good position for
displacing the halogen, no reaction was observed when this compound
was treated with sodium hydride.

Failure of this compound to react to
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give the desired diether seemed; again, to indicate that the alcohol
function was not correctly oriented for the type reaction expected.
The ring system in (l) is unique in its stereochemical
requirements.

Being frozen into position by the requirements of bond

angle, bond length and strain means that some reactions which might
occur in the open chain analogue will not work in these compounds.
In view of this observation, another approach was attempted in order
to alter the distance between the halide bearing carbon and the in
cipient site of nucleophilicity.
this approach.

Two reactions were attempted under

First, the urethane of alcohol (VIl) was synthesized

(XIV) and then treated with sodium hydride under anhydrous conditions.
The desired displacement of halide failed to materialize.
an apparent polymerization took place.

Instead,

Second, the displacement was

attempted via a xanthate (XV) type derivative, but, again, no dis
placement was apparent.
Since numerous attempts to displace the halide via intra
molecular nucleophilic attack had failed, a reconsideration of the
structure of (VIl) and related structures was in order.

The hydroxy

grouping of interest had been assumed to be endo-based on:

(1)

the

generally accepted mode of attack of reducing agents in these systems;
and, (2)

a particular configuration of the six-membered ring.

Re

duction of (V) with sodium borohydride might be somewhat more complex.
Green^ has shown on the basis of extensive temperature
studies that the carbonyl groupings in (V) exist as an equilibrating
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mixture of skewed conformer

as a result of the strong electronic

interaction of the carbonyls across the ring.

Such strong repulsion

is cited^b as the reason for (V) existing as a hydrate unless care
is taken to exclude water (see Figure 48).

Figure 48

Re-examination of the reduction of (V) leads one to postu
late that attack on the first carbonyl would indeed be from the exo
side.

However, if the initial complexation were a slow step, intra

molecular reduction of the second carbonyl might occur and would lead
to an exo-endo relation between the two hydroxy groupings.

Such a

compound would yield an exo-hydroxy-bromo alcohol.
Clarification of the latter observation was necessary.

Two

additional derivatives, the acetate (X) and the benzoate (Xl), were
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prepared and their NMR spectra recorded and studied.

As previously

mentioned, the protons at C-9 and C-10 produce a pair of doublets
downfield of the main body of alkyl protons.

In each case the

doublets (as shown in the accompanying spectra) are easily discerned.
In Table III are shown the assignments of the protons at C-6, C-9
and C-10 for the various compounds studied.

Table III

9

Compound
VII (alcohol)
Rl = H ^ Rg = H

Rg = OH

I (ketone)
Rl = H ; Ra, Rg = 0

h6

H9

k.l3

4.60

4 .2 7

4.18

4 .5 0

3 .6 7

4.71

3 .7 2

XVI (ketone)
Rl — OH ; Rg,Rg = 0

HIO

XVII (acetate)
Rl,Rg = H ; Rg = OAc

4.18

4 .5 9

4.26

XVIII (benzoate)
g
Rl, Rg = H ^ Rg = 0- C- Ph

4.22

4.66

4.47

4.15

4.60

4 .3 0

4.24

4.62

4.49

XIV (urethane)

g

Rl, Qg = H ^ Rg = OC-^- Ph

XIII (phenyl)
Rl = H ; Rg = O H

}

Rg = CgHg
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Focusing attention on the assignment of H-10 in the series,
one notices immediately the strong shift on comparing the compound
with a ketone at position 3 [i.e., (l)] to the compound with the
hydroxyl function at position 3 [i.e., (VIl)] (see Figure 4g).

This

Figure I+9

OH

VII

I

OH
XIII

shift of approximately 0.6 ppm has been attributed to change from
the proximity of the pi-cloud interaction to the proximity of a
simple hydroxyl grouping.

An even more marked anisotropic deshielding

of the C-10 proton occurs, however, when the phenyl derivative (XIIl)
is examined.

If the effect on chemical shift is caused by the removal

of the pi-cloud and replacement with the endo-hydroxy grouping, the
position of the absorption of the C-10 protons in (VIl) and (XIII)
should then be approximately the same.

The explanation of this

anomalous beliavior in terms of the endo orientation of the hydroxyl
in (VIl) and (XIIl) requires that we assume a conformational change
on going from simple alcohol (VIl) to phenyl derivative (XIII.
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cage-like compounds are very nearly frozen into conformation by the
geometrical requirements of bond angle.^

It is possible to imagine

some effect due to conformation but the effect observed is approxi
mately 0 ,2 5 ppm.

This amount of shift would require® extensive

change in bond angles involved in order to relocate the proton suffi
ciently to change the electron density in its neighborhood.
Assuming, however, the exo-orientation of the hydroxyl
grouping in (VIl) and (XIIl) it becomes obvious that the observed
effect could be due to anisotropic deshielding by an endo-phenyl
grouping in (XIIl).

The question then arises as to the feasibility

of the formation of (XIII) with the phenyl on the same side of the
ring system as the ether linkage at C-6.

One must again resort to

examination of the Drieding models of the ketone (VIIl).

Such an

examination reveals that two conformera are possible as was previously
noted for the alcohol (VII).
One of the conformera which could arise would indeed pro
hibit formation of the exo-alcohol at position C-3 (see Figure $0).

Figure $0

CH

VS

CH
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However, in the case of the other possibility, the Grignard reaction
would result in the endo-phenyl compound.
In light of this hypothesis, it is instructive to re-examine
the many attempted reactions in this series.

With the ^-OH in (VII)

in an exo-configuration, it is obvious why reactions such as ring
closure of the alcohol (VII) would not occur.

Failure of the xanthate

(XV) to close across and apparent polymerization rather than ring
closure of the urethane (XIV) are equally easily dismissed as resulting
from a lack of proximity.

There remains two experiments:

the attempted

ring closure of the phenyl derivative (XIIl) (already considered); and,
the attempted cyanide addition.

If the phenyl derivative forms as

envisioned, it seems reasonable to expect that a similar configuration
of (l)— with the carbonyl turned outward and thus exposing the under
side preferentially--would lead to a cyanohydrin also incapable of the
anticipated closure.
On the basis of the evidence available, it appears possible
that the alcohol (VII) is exo- for the reasons already cited and, also
that the phenyl derivative (XIII) is an endo-alcohol.

While this hypo

thesis cannot be firmly proved or disproved by the data available, it
is necessary to include it for completeness.

Although, if this hypo

thesis is correct, it would be very difficult to explain the lack of
reactivity in the attempted Williamson’s type reaction of (XIIl).
Since the question of the stereochemistry of the

grouping

was not central to the theme of the main context of this work, this
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report completes the description of the project.

When the structure

of the bromine-free compound (VIII) was updated as described in the
main body of this dissertation, this avenue of research was halted.
While being of some interest, the status of this stereochemical in
vestigation is incomplete and leaves questions unanswered.

B.

Experimental
General remarks relative to the experiments performed inci

dent to this work may be found at the beginning of the experimental
section of this dissertation (see page I9 ).

Compounds whose prepara

tion is included in the main experimental section are not included
here for the sake of avoiding repetition.

Spectra which are of interest

to the preparations presented in this appendix are included (see pages
118 through 123 ).

1.

Preparation of the Urethane Derivative of (VIl)
To a stirred solution of lO-bromo-6,9-epoxy-endo^tricyclo-

[6.2.1.0^^ ^]undecan-3-ol (2 g, O.OO39 moles) in toluene (25 mj0) was
added phenyl isocyante (1.1 mj0, 0.01 moles).

The reaction mixture was

brought to reflux and allowed to stir at reflux for five hours.

The

heating was discontinued and the reaction mixture was stirred at room
temperature for fifteen hours.

The crude derivative had crystallized

out of the reaction mixture by the end of this period.

The crystals

were filtered out and washed once with petroleum ether.

The crude

product was recrystallized from toluene.
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The NMR showed a very complex upfield region corresponding
to 9 protons and a complex aromatic signal centered at about 7 *0 ppm.
Also present was the characteristic pair of doublets at 4.2 ppm and
4.6 ppm.

A rather rough triplet was observed at 4.1 ppm.

The mass

spectrum showed parent peaks at 377 and 379 amu in proportion to the
isotopic distribution of bromine and in agreement with the expected
molecular weight.

Yield:

2.1 g (6 5 percent) of crystals; m.p., l80-l8l°.
2 .9 8

(sharp), 5 .7 8 , 9 .7 2 , 1 3 .4 2 li

Analysis:
CiaHaoNOaBr— Calculated:
Found:
Spectra:

2.

C, 37.14; H, 5 .29 ; N, 4 .I5 .

C, 57.17; H, 5 .39 ; N, 3 .9 9 .

NMR-13; IR-I7 .

Preparation of 10-Bromo-3-gg^-hydroxy-3-ej^-phenyl-6 ,9 -epoxy^R^^tricyc lo[6 .2 .1 .0 ^^ undecane
Magnesium metal (0.27 g; 0.012 moles) was used to generate

the Grignard reagent from bromobenzene (1.1 g, 0.012 moles) in the
standard fashion using ether solvent (280 mi.).

After all the bromo

benzene had been added, the solution was stirred for one hour.

10 -

Bromo-6 ,9-epoxy-endo-tricyclo[6.2.1.0^'^]undecane-3-one (2.5 g; 0.01
moles) was dissolved in ether (5O mi) and slowly added to the Grignard
reagent.

The reaction mixture was brought to reflux and held there

for six hours.

The heating was discontinued and the stirring continued
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for an additional fifteen minutes.

Dilute HCA (20 mX, 5 percent)

and water (5O mX) were added and the aqueous phase extracted three
times with ether.
evaporated.

The ethereal solutions were dried and the ether

Trituration of the remaining oil resulted in a solid

which recrystallized from carbon tetrachloride.
The NMR spectrum showed a complex 10-H multiplet between
1 .5 and 3 .0 ppm; in addition, there was a 3 -H aromatic multiplet at
7 .2 to 7*5 ppm.

Also significant were the two characteristic 1-H

doublets at 4.4^ and 4.69 Ppm.

The broadened triplet at 4.24 ppm,

which has been previously observed in this series, was in evidence.
The mass spectra of the compound showed a pair of peaks at 33^ and
356 amu in proportion to the isotopic distribution of bromine and in

agreement with the expected molecular weight.

Yield:

I.7 g ( 70 percent) of crystals; m.p., 139-160°.
2 .9 5

(sharp), 9 .8 , 1 0 .3 , 1 0 .8 , I3 .O y .

Analysis:
CiyHigOgBr— Calculated:
Found:
Spectra:

3.

C, 60.8 ; H, 3 .6 8 .

G, 60.72; H, 3 .9 2 .

NMR-14; IR-I8 .

Attempted Cyclization of lO-Bromo-6 ,9-epoxy-en^-tricyclo[ 6 .2.1.0^^ ^]undecan-3-ol and Derivatives
a.

lO-Bromo-6 ,9-apoxy-endo;-tricyclo[6.2.1.0^^

undecan-3 -0 I

lO-Bromo-6 ,9-epoxy-endo-tricyclo[6.2.1.0^^7]undecan-3-ol
(1 .0 g, 0.004 moles) was dissolved in toluene (23 mX) and sodium hydride
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(0.4 g, 0.01 moles) was added (vigorous evolution of a gas was ob
served),

The reaction mixture was heated to reflux for six hours.

At the end of the reaction period the heating was discontinued and
the reaction mixture was allowed to cool for one hour.

Careful

addition of ethyl alcohol (5 m£) and aqueous hydrochloric acid (10 m^,
5 percent) destroyed any remaining sodium hydride.

The aqueous phase

was extracted with ether and the ether extracts were dried over sodium
sulfate.

The ether and toluene were removed under reduced pressure.

An oil was obtained which upon trituration with petroleum ether yielded
a solid which was identical in spectral characteristics to the starting
material.

b.

Urethane of lO-Bromo-6, ^-epoxy-endo;-tricyclo[6.2.1.0^^ ?]undecan-3-ol
lO-Bromo-6,9-6poxy-en^-tricyclo[6.2.1.0^^ ^]undecan-3~ol

(O.Y g, 0 .0 0 1 9 moles) was dissolved in toluene (25 m^) and sodium
hydride (O.I5 g; O.OOO6 moles) was added.

The reaction mixture was

stirred at reflux for twelve hours and then allowed to cool.

Methanol

(2 0 mA) was added and the solution filtered to yield a water soluble

salt.

The organic phase was evaporated under reduced pressure and an

oil was obtained which upon trituration with petroleum ether yielded a
white solid.

This solid material decomposed above 260°C and could not

be dissolved in any solvent.

The material was not further characterized.
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c.

Xanthate of lO-Bromo-6 ,9~spoJ^y-en^-tricyclo[6.2.1.0^^
undecan-3-ol
lO-Bromo-6 ,9-epoxy-Gn^--tricyclo[6«2.1.0^'’^]undecan-5-ol

(2 . 6

g,

0 .0 1 moles) was dissolved in anhydrous ether (25 mi-) and

sodium hydride (0.24

0.01 moles) was added.

The ethereal suspen

sion was brought to reflux for one hour (gas was evolved during the
initial addition).

At the end of the one hour period, carbon disulfide

(1,0 mj&, 60 percent excess) was added over a thirty-minute period.

The

reaction mixcure was allowed to reflux for fifteen hours and then
cooled to room temperature.
salt was filtered out.

Methanol was added and the resulting solid

The solvent was evaporated off; the resulting

oil was cooled and triturated with petroleum ether,

A solid was ob

tained which was identical in melting point and spectral character
istics to the starting material.

d.

10-Bromo-5“phenyl-6, 9~epoxy-en^-tricyclo[6.2.1.0^^ ^]undecan_

lO-Bromo-5-phenyl-6 ,9-epoxy-en^-tricyclo[6.2.1.0'^' ^]undecan3 “Ol (0.4 g, 0 .0 0 1 2 moles) was dissolved in ethanol (5 O mf, 95 percent)

and potassium hydroxide (0.4 g, 0.0075 moles) was added.
mixture was poured into ice water and carefully acidified.

The reaction
The aqueous

solution was extracted with ether, the. ethereal solution dried over
sodium sulfate, and the ether removed at reduced pressure.

An oil was

obtained which upon trituration yielded only starting material^ as
evidenced by melting point and spectral characteristics.
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e.

lO-Bromo-6,9“epoxy-5-cyano-en^-tricyclo[6.2.1.0^^ ^jundecan_

lO-Bromo-6, 9~epoxy-en^-tricyclo[6.2.1.0^^ ^]undecan-3-one
(1 g; 0 ,0 0 3 9 moles) was dissolved in dimethyl sulfoxide (25 mi) and
potassium cyanide was added (O.2 5 g, 0.0039 moles) with care.

The

reaction mixture was stirred at room temperature for three hours.
The reaction mixture was poured into ice water and carefully acidi
fied,

Ether was used to extract the solution four times and the

aqueous phase was discarded.

The ethereal solutions were combined,

washed with water twice, dried over sodium sulfate, and the ether
removed at reduced pressure.

The resulting oil was dark in color but

leaching with petroleum ether repeatedly and evaporation of the petro
leum ether resulted in a clean looking oil.

The dark material which

was left was not identifiable and was not further characterized.

The

clean, slightly yellow oil was triturated with petroleum ether and
starting material was found to solidify (identity established by
comparison of melting point and spectral data).

The petroleum ether

soluble material appeared to be a very small amount of the cyanohydrin.
In other attempts to affect the cyclization, the solvent
was changed to ethanol and the reaction temperature and time were varied
but all attempts yielded the same results:

No appreciable reaction and

none of the desired cyclization.

4.

Preparation of the Acetate Derivative of (VII)^
To a stirred solution of lO-bromo-6,9-epoxy-end^tricyclo-

[6.2.1.0^^^]undecan-3-ol (0,5 g, 0,002 moles) in toluene (I5 m^) at
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reflux was added acetic anhydride (5 m£).
for two and one-half hours.

The solution was refluxed

At the end of the reaction period, meth

anol (2 0 mX) was added and the mixture stirred for thirty minutes.
The oil which remained upon evaporation of the solvent of this re
action mixture was placed on a preparative thick layer plate of
silica gel and chromatographed using ethyl acetate/petroleum ether
(20:80).

A solid was obtained by leaching the only flourescent band

with methylene chloride.
The NMR spectrum of this compound showed a methyl absorption
at 2,1 ppm and other aliphatic signals between I .5 and ^.0 ppm.
visible were the two characteristic doublets at 4.25

Also

4.6 ppm as

well as a 1-H broad triplet at 4.15 and a broad multiplet at approxi
mately 5 .1 ppm.

The mass spectrum showed a pair of peaks (parent

peaks) at 5 OO and 302 amu in proportion to the isotopic distribution
of bromine and in agreement with the expected molecular weight.

Yield:

O .5 g ( 8 2 percent) of crystals; m.p.,

105-107°,

5.8 5 ^.
Analysis:
CisHiYOaBir— Calculated :
Found:
Spectra:

5.

C, 51*90/ H, 5 *6 5 *

C, 52.19/ H, 5 .9 I.

NMR-I5 .

Preparation of the Benzoate Derivative of (VIl)^
To a stirred solution of lO-bromo-6, g-epoxy-end^tricyclo-

[6.2.1.0^^^]undecan-3-ol (O .5 g, 0.002 moles) in toluene (20 mf) at
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reflux was added benzoyl chloride (1 g, 0.00614- moles).
mixture was allowed to reflux for fifteen hours.
removed at reduced pressure at approximately ^ ° C .

The reaction

The toluene was
Trituration of

the resulting oil yielded a solid which was recrystallized from
benzene.
The NMR spectra showed a complex aliphatic region for 8-H
from 1 .5 - 3 .0 ppm and a characteristic 5 -H benzoyl aromatic region
split into 2-H and 3-H areas, respectively, at 7*5 and 8.1 ppm.

The

two characteristic 1-H doublets were observed at 4.4$ and 4 .6 5 ppm.
Two other peaks were observed; a broadened 1-H peak at 4.2 ppm and
another 1-H area at 5 .3 ppm.
The mass spectra showed a pair of peaks at 362 and 364 amu
in proportion to the isotopic distribution of bromine and in agree
ment with the expected molecular weight.

Yield:

0.45 g (80 percent) of crystals; m.p., 119-120°.
5 .8

(sharp), 7 .8 , 8.95 ; 15-95 w •

Analysis:

CisHisOsBr— Calculated:
Found:
Spectra:

6.

C, 59*5^ H, 5-24.

C, 59-57; H, 5.41.

NMR- 16; IR-I6 .

Spectra

NMR and IR spectra (see following pages II8 through 123).
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NMR-12
10-Bromo-3-hydroxy-6,9“ep°xy-tricyclo[6.2.1.0^^ ?]undecane
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NMR-15
10-Bromo-5-hydroxy-6, 9-epoxy-tricyclo[6.2.1.0^’
Phenyl Urethane

undecane
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NMR-14
10-Bromo-3-en^-hydroxy-3-exo-phenyl-6, ^-epoxy-end^
tricyclo[6«2.iTo^ 7]undecane
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NMR-15
10-Bromo-3-hydroxy-6,9 -epoxy-tricyclo[6 .2.1.0^^ "^]undecane
Acetate
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NMR-16
10-Bromo-5-hydroxy-6, $-epoxy-t:ricyclo[6.2.1.0^^ ^]undecane
Benzoate

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

122

(

o
o

o
o

I

o

o

o
o

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

IR-16
Zy 7
>xy-tri
lO-Bromo-3-hydroxy-6 >9-epoxy-tricyclo[6.2.1.0
]undecane
Benzoate

IR-17
10-Bromo-3-hydroxy-6 >9-epoxy-tricyclo[6 .2.1.0^
Phenyl Urethane

undecane

IR-18
10-B romo -3-endo -hydroxy- 3-exo -phenyl-6,9 -epoxy-eiido tricyclo[ 6 .2 .iTo^
undecane
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APPENDIX II
ATTEMPTED HYDROBORATION OF
_gjj4ftr2-Bicyclo[2.2.l]heptanecarboxylic Acid

A.

Introduction
In the previous discussion of this work (see Section III,

page 7 5 )^ it was noted that the reason for high yield of a single
product in the hydroboration of e n ^ - 2 -diphenylhydroxymethyl-bicyclo[2.2.l]hept-5-ene(l) was not thoroughly understood.

Traditionally,

the hydroboration in the bicyclo[ 2 .2 .l]heptane system has involved
rather simple compounds.^

While steric effects have been observed^,

these have usually involved placement of a large alkyl grouping at
the 7 -syn position.
Normally,

the direction of attack on the double bond is

from the exo side® and, in the case of simple systems,

the attack is

relatively non-selective in that the resulting C-B bond is equally
probable on either C-5 or C- 6 ,

The rationale for this behavior is

believed to be the steric interference of the two membered bridge
(C-2 and C-3) as opposed to the smaller one carbon bridge (C-j),
Two possible nœchanistic routes are offered in explanation
of the stereo specificity of the hydroboration of (I).

The first may

be understood in terms of the electronic interaction of the non-bonding
electrons of oxygen with the pi-cloud of the double bond in the carbinol
(see Figure $1).

Repulsion of the electron cloud by the non-bonding

125
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electrons on oxygen could result in a preference for the $-exo position
(i.e., complexation would occur preferentially yielding the 5 -exoorganoborane).

Standard peroxide oxidation,

Experimental section,

such as that used (see

page 26), would produce the 5 -exo-hydroxy com

pound and oxidation of this dihydroxy compound should give the isolated
5 -keto- 2 -diphenylhydroxymethyl-bicyclo[ 2 .2 .l]heptane(ll).

Figure 5 I

BH

The second scheme (see Figure 5 2 ) for generation of the
correct substitution pattern involved the intial rapid complexation
of the borane with the hydroxyl grouping in the carbinol accompanied
by liberation of hydrogen.

In a second step, rapid intramolecular

addition to the double bond would result.

Again,

standard workup

procedures followed by oxidation would result in the isolation of the
5-keto (1 1 ) compound whose structure was previously reported in the
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Experimental section of this work (see Section II, page 26).

Figure 52

HO

.(o)

HO

This latter scheme provides two advantages over the foriror;
1.

The hydroxyl grouping (due to the presence of
the bulky phenyl substituents) is probably in
position for the two rapid reactions described,
[This statement is based on examination of
Dreiding models, which suggest:

(a)

hindered

rotation of the diphenylmethyl group; and,
(b)

lowest energy occuring with -OH under the

double bond.
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2.

Immediate generation of a gas during the hydro
boration procedure Is more easily explained.
The complexation reaction does not require
liberation of a gas.

A method to test these hypothesis seemed to be available.
Marshall and Johnson^ have claimed that a v ery effective hydroboration
agent Is obtained by preparing a solution of NaBH^ In acetic acid.
In using this agent,

they obtained more than sixty percent yield of

cyclohexanol from cyclohexene.
By utilizing pure en^-2-blcyclo[2.2.l]hept-5-ene carboxyllc
acid In place of acetic acid,

one should be able to affect an Internal

hydroboration similar to that already observed.
reagent reacts Intermolecularly,
result.

If the Marshall type

the 5 -exo-hydroxy compound should

If the alternative Intramolecular reaction occurs,

this would

constitute support for the second of the described mechanisms.
Anhydrous en^-2-blcyclo[2.2.l]hept-5-ene carboxyllc acid
(II) was treated with sodium borohydrlde In dry tetrahydrofuran (THF).
Very rapid liberation of a gas was always observed to occur.

However,

on workup In the standard fashion no evidence for reaction could be
detected.
The failure to react does not rule out the proposed Intra
molecular hydroboration of (l).

It Is possible that since rotation

Is not restricted for (ill) the reagent could easily have oriented
Itself In such a fashion that no reaction Is possible.

However,

since this approach to the problem did not seem profitable and since
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the question of this stereochemistry was not central to the synthesis
of phyllocladene,

B,

this project was not pursued,

Reaction of end^Bicyclo[2.2.l]hept-$-ene-2-carboxylic Acid
TÏÔCIII) With Sodium Borohydride
en^-Bicyclo[2.2. l]hept-5-ene-2-carboxylic acid (3»5 g,

0 . 0 2 5 moles) was dissolved in tetrahydrofuran

distilled from LiAXH).

(THF) (20 mSL, freshly

This solution was added slowly to a suspension

of sodium borohydride (2.3 g; O.O 6 moles) in dry THF.
immediately w i t h little temperature change.

Gas was evolved

After the reaction had

subsided the reaction mixture was stirred at room temperature for
three hours.
(3 0 m X

At the end of the reaction period, sodium hydroxide

of ten percent) and hydrogen peroxide (I5 mj& of thirty per

cent) were added.

The reaction mixture was allowed to stir for one

hour and then diluted w ith saturated brine solution.

The resulting

mixture was acidified and the brine solution extracted with ether.
The ethereal solutions were dried and the ether was evaporated.
The oily material which remained was identical to the
starting acid w i t h respect to spectral characteristics.
This attempted reaction was also carried out at zero degrees.
The same result as that specified above was obtained.
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APPENDIX III
ATTEMPTED OXIDATION OF
2-Diphenylmethylene-bicyclo[2.2.l]heptane-5-one

A.

Introduction
As noted in the Experimental and Discussion sections (see

Sections II and III), 2-diphenyImethylene-bicyclo[2.2.l]heptaneone(l) has been subjected to repeated oxidation attempts.
tetra-substituted ethylenes are difficult to oxidize^,

While

this system

seems to be particularly resistant.
Two additional techniques of oxidation were attempted in
an effort to obtain bicyclo[2.2.l]heptan-2,$-dione.
technique^ attempted,

In the first

tetracyanoethylene (TCE) was added in an effort

to force the ozonolysis reaction to proceed.

TCE is known to enhance

the oxidation of the double bond in a number of substituted ethylenes.
The products of the reaction usually include the epoxide of TCE.
The second technique^ involved the formation of the osmate
ester of the double bond followed by cleavage with potassium periodate.
Osmium had been used previously to cleave tetra-substituted double
bonds.

It was expected that cleavage by this technique would be

mild enough so as not to destroy the desired diketone.
As noted in the experimental section of this appendix,

no

detectible reaction could be observed using either of these procedures.

B.

Experimental

1.

Attempted Ozonolysis of 2-Diphenyl-bicyclo[2.2.l]heptan-5-one
2-DiphenyImethylene-bicyclo[2.2.1]h e p t a n - o n e

131
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0.0048 moles) was dissolved in methylene chloride and tetracyano
ethylene (0.8 g, 0.0062 moles) was added.
in a gas bubble bottle and cooled to -JO°C.

The mixture was placed
Ozone (3 percent in

oxygen) was bubbled through the bottle until the characteristic blue
color persisted (approximately ten hours).

The solvent was evaporated

at - 7 0 °C and the crystalline solid which remained was taken up in
benzene (5 m£) and placed on a column of alumina.

Elution with petro

leum ether/ethyl ether (80:20) resulted in high return of starting
material (identified by NMR and mixed melting point).
experiments,

In alternate

the ozonolysis was conducted for periods up to three

days with the same result.

2.

Attempted Oxidation of 2-DiphenyImethylene-bicyclo[2.2 . ijheptan5-one with Osmium Tetraoxide
To a stirred solution of 2-diphenyImethylene-bicyclo[2.2.1]-

heptan-5-one (0.2 g, 0.0054- moles) in ether (25 nui) was added sodium
sulfate (2.0 g) and osmium tetraoxide solution (10 mJL, 2 percent in
water).

The reaction mixture turned dark rapidly.

The mixture was

allowed to stir for one hour and then hydrogen peroxide (20 ml of 3 O
percent) was added.

After stirring for one-half hour,

sodium bicar

bonate (20 ml, 5 percent, dropwise) was added with cooling.
aqueous layer was extracted three times with ether,

The

the ether extracts

were washed, dried and the ether was then evaporated.

The dark oil

which remained was dissolved in ethanol (2 mJi) and potassium periodate
(0 . 1 g, 0 . 0 0 0 0 5 moles) was added and the mixture then stirred for
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eighteen hours.

Addition of water (10 itiA) followed by extraction

with ether, drying of the ethereal extract and evaporation of the
ether yielded an oil.

The oil solidified on standing to yield a

solid identical in spectral characteristics and melting point to the
starting material.
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APPENDIX IV
ATTEMPTED DEHYDRATION OF
gjij|g;-6“Diphenylhydroxymethyl-2-bicyclo[2,2. l]heptanone

A.

Introduction
In the Discussion section (see Section III,

page Y$), it

was noted that e n ^ - 6 -diphenylhydroxymethyl- 2 -bicyclo[ 2 .2 .l]heptanone
(l) was found to be resistant to dehydration by Green.

The dehydra

tion of eji(i^-6-diphenylhydroxyniethyl-5-bicyclo[2.2.l]heptanone(Il)
has, however, been affected with relative ease in these laboratories
on many occasions (see Section III,

page 75)»

Interest in the dehydration of (l) was rejuvenated when
dehydration of (II) led to a very easily handled compound (see Section
III,

page 75) •

At this point,

the structures of (I) and (ll) were

not well established due to the insolubility of (l).

This insolu

bility had caused purity as well as spectral difficulties.

It was

hoped that by dehydration of (l) a more soluble compound would result.
Compound (I) was treated under a variety of conditions known
to dehydrate tertiary carbinols.

Specifically,

(l) was treated with

Ig in acetic acid^ and only starting material could be isolated.

In

addition, reaction with thionyl chloride^ failed to give any evidence
of reaction.

Acetic anhydride also failed to produce any evidence of

dehydration.
The unexpected difficulty of the dehydration of (l) was
verified.

This difficulty has been previously explained by noting

the proximal location of the ketone at position 2.

Intramolecular

1)4
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formation of the ketal seems to occur predominantly.

In fact,

the

carbonyl absorption in the IR spectra of this compound is very weak.
No other explanation is obvious to this worker,
of stable hemiketals are known (e.g.,

[Note:

Other cases

sugars® and tetrodotoxin'^)].

This project was not pursued any further due to the estab
lishment of the structures of (l) and (ll) via the work reported in
the main body of this dissertation (see Section III,

B.

page 74 ppf).

Attempted Dehydration of gjj^-6-Diphenylhydroxymethyl-bicyclo[2.2.1]heptan-2-one

1.

Reaction with Iodine and Acetic Acid
To endoj-6-diphenylhydroxymethyl-bicyclo[2.2.l]heptan-2-one

(2 g, 0 . 0 0 6 9 moles) dissolved in glacial acetic acid was added a
crystal of iodine.

The reaction mixture was heated to boiling on a

hot plate and the acetic acid was evaporated off.

Trituration of the

oil resulted in a near quantitative recovery of starting material.
In a separate experiment, O .5 grams of the ketol was dissolved in
2 5 niX of acetic acid and the evaporation process was accomplished

very slowly; the same result as that specified above was obtained,

2.

Reaction with Thionyl Chloride
To a solution of (l) (I 7 0 mg, O.OOO 5 8 moles) in dry benzene

(20 mj0) was added thionyl chloride

(O.O 8 mX, 0.0006 moles).

The

reaction mixture was stirred under an air condenser and drying tube
arrangement for eighteen hours.

Removal of the solvent on the rotovac
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resulted in isolation of a solid which was shown,
spectral data,

on the basis of

to be identical to starting material.

No other mate

rials were isolated.

).

Reaction with Acetic Anhydride
To a stirred solution of (l) (1 g, 0.00)5 moles) in benzene

(20 mA) was added acetic anhydride () mJ&, 0.0) moles).

The reaction

mixture was allowed to stir for forty-eight hours and the solvent was
removed under reduced pressure.

Upon trituration with petroleum ether

a solid was obtained which was shown to be identical,
spectral analysis,

to the starting material.

on the basis of

No other materials were

isolated.
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APPENDIX V
PREPARATION OF 5-GXOj-Phenyl-$-endo-hydroxy-2en^-diphenylhydroxymethyl-bicycîoT2 ,2 .l] heptane

A.

Introduction
While attempting to establish the structure of 2-diphenyl-

methylene-5 -bicyclo[2 .2 .l]heptanone (l), it was of interest to have
available derivatives of the compounds so that examination of the
NMR spectra might be accomplished.

One derivative was prepared

which is not included elsewhere in this work.

Its usefulness was

limited by the preparation of $-bromo-8 ,8 -diphenyl-Y-oxatricyclo[6 .1 .0 .0 ^^®]nonane which served to establish the structure of (l).
The preparation of $-exoj-phenyl-$-mid^hydroxy-2-en^diphenylhydroxymethyl-bicyclo[2 .2 .l]heptane is included in this
appendix.

B.

Preparation of 2-Diphenylmethylene-$-exo;-phenyl-bicyclo[2.2. l]heptan-5-ol
Magnesium metal (0.24 g, 0.01 moles) was used to generate

the Grignard reagent from bromobenzene (1.1
standard fashion using ether solvent (5O

mZ,

mZ).

0.01 moles) in the
After all bromobenzene

had been added, the solution was stirred for one hour.

The compound,

2-diphenylmethylene-bicyclo[2.2.l]heptan-5 -one, (I.5 g; O.OO55 moles)
was dissolved in ether and added, dropwise, over a thirty minute
period.

The reaction mixture was brought to reflux and stirred for
157
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six hours.

The reaction was then cooled to room temperature and

dilute hydrochloric acid (10 mA of 5 percent) was added.

Water

(5 0 mj&) was added and the aqueous layer extracted three times with

ether; the ether was washed with water until neutral^ dried over
sodium sulfate, and then removed at reduced pressure.

The oil which

remained was triturated with a variety of solvents with best results
being obtained with anhydrous ethyl ether.

Using ether, a solid was

obtained which was recrystallized from petroleum ether.
The NMR spectrum of the compound showed only a very complex
aliphatic signal in the region of I.5 - 3 *0 PPm and an aromatic signal
centered at 7.2 ppm.

The integral of these signals was in the ratio

of 5 aryl to 3 aliphatic as anticipated.

The mass spectrum showed a

parent peak at 352 amu in agreement with the proposed structure.

Yield:
^
:
— max

1,3 g ( 65 percent) of crystals; m.p., 124°.
2 .8

(very sharp), 12.95
'

>

14.2$p .

Analysis:
C26 H24 O— Calculated:
Found:
Spectra:

C.

C, 8 8 .3O; H, 6 .8 3 .

C, 8 8 .35 ; H, 6 .9 7 .

NMR-17; IR-I9 .

Spectra
NMR and IR spectra (see following pages I39 and l40).
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NMR-17
5 -exo-Fhenyl-5 -endo-hydroxy-2 -endo-dlphenylhydroxymethyl-

blcyclo[2*2.Ijneptane
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IR-19
5-eJ^-Ihenyl-5-endo-hydroxy-2-endo-diphenylhydroxymethylb icyclo[2.2.T]Septane
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